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An astronomical instrument is not an end in itself, but the means 
to an end— the making of observations observations are the stepping- 
stones to higher ends 
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INTRODUCTION. 


Thb present volume contains the results of the observations of Jnpiter 
made daring the apparition of 1888. As in the previous apparition of 
1886-7, the principal feature of the work consisted of numerous transit 
observations of th.e spots and other markings, having for their object the 
determination of the rotation-period, or drift, of the surface material 
of the plftTiftt in different latitudes. By the term “ surface material” 
is meant the material at the vitihle turf act of Jupiter, without reference 
to the question whether such material is actually at the solid, or liquid, 
surface of the planet, if, indeed, the latter can be said to possess such a 
as a solid or liquid surface. The actual number of observations is 
considerably greater than was the case in the preceding apparition of 
1886—7, chiefly owing to the planet having been kept more systematically 
under observation. Thus, the total number of observations for longitude 
is 888, as compared with 329. 

In addition to the observations for longitude, a number of measures, 
chiefly of the belts, were made for latitude with a fllar micrometer. 
Although the belts are not always exactly parallel to the equator, yet ^y 
usually are very nearly so, and they seldom depart far from such paralldieia. 
Hence, if the latitudes of the chief belts are measured directly, we can 
refer the positions of the spots to the belts, in which they are generahy 
more or less involved, and thus also derive the latitudes of the spots, aid 
so the latitudes of the surface currents with a degree of aocuraiy sv^lesesit 

for all practical purposes. 

Some little time has now elapsed since the publication of TolniBe 1 rf 
Ikagments, containing the results of the observations rf the sppaation 
of 1886-7. It is hardly necessary to remark that the effect of fartheo 
study of the planet, particularly when made under more favourable con- 
ditions, has been to modify some of the condusions of tiid former volua^ 
This was inevitable, and most of these condusions wer^ in feet, actnalft 
Stated there more or less in an interrogative or tentative maimer, fei^ 
not necessary to refer to such changes of opinion particularly hsM^ 
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the more mature conclusions, and the evidence upon which they are founded, 
will become apparent in the course of the present and future volumes In 
case of any divergence, the later or more recent conclusions should be 
preferred to the earlier ones 

There is, however, one correction which it does seem desirable to make 
here In Volume I , pp 112 and 113 and elsewhere, the fact that the 
white equatorial spots were frequently accompanied by a white spot nearly 
opposite to them in the great nfts of the equatorial belts was consideied 
to show that the equatorial spot and the companion spot m the rift were 
really one spot apparently divided into two by the overlying dark belt , and 
as a corollary that the white spots were at a lower level than the dark 
belts Subsequent observations, however, made under better conditions, 
have shown that the equatorial white spots commonly communicate with 
the bright spots in the rifts by means of real and comparatively nariow 
channels or canals The appearances suggest rather that the white material 
'breaks through the dark material of the belts, than that it extends under the 
latter The probabihty is that the upper surfaces of both the white spots 
and the dark belts are actually at nearly the same altitudes This subject 
is only just mentioned here, for the evidence upon which this conclusion is 
based is derived chiefly from the observations of subsequent years, made 
when the planet was in a much better position for observation than it was 
in either 1887 or 1888 It is here sufficient to merely state the fact that 
1 no longer consider that the white spots extended under the dark belts 
There is a minghng both of pleasure and regret in pubhshing a series of 
observations made many years previously On the one hand, there is 
satisfaction m the thought that the work of reduction and discussion has 
been better and more thoroughly done than would probably otherwise have 
been the case On the other hand, there is a mingling of regret, for one 
feels sometimes that the observing work might have been done better than 
was actually the case, if only the observer could have set about it in the 
hght of his present knowledge 

Subsequently to the appearance of the first volume of these ^Fragments 
there has been published a very extensive series of observations, made in the 
same year 1887, by Dr F Terby at Louvain* It has always been a matter 
of regret that I have not been able to make a detailed comparison betw een 
our two independent series of observations Generally speaking, our 
observations are m excellent agreement, as has been pointed out by Terby 

* “ ^Itudes sur I’Aspect physique de la Platiete Jupiter, Troisi^me Partie,” M^moires 
de V AGodMme royal des Sciences, des lettres et des beaux-arts de Belgique, tome li 
This memoir contains no less than 84 disc drawings of Jupiter As it will be necessary 
more than once to refer to this valuable work, it will be shortly described as Terby ’s 
Third Memoir 
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himself, and the only really important disagreement, if disagreement there 
be, is one of opinion rather than of observation. Terby at that time, if 
1 correctly understand his meaning, appears to have been rather inclined 
to question the conclusion that certain details in the neighbourhood of the 
equator rotated in a period approximately equal to 9^ 60“, instead of in 
one of about 9*^ 56“ 40*. It seems hardly necessary to formally discuss 
the question here, since time has conclusively proved that similar details 
do undoubtedly invariably rotate in approximately the former period, and 
the observations published in the present volume should in any case suffice 
to remove any doubt remaining upon the subject. I wish here to call 
attention to the fact that our two contemporaneous but absolutely 
independent series of observations afford an excellent opportunity for 
investigating the interesting though somewhat perplexing subject of the 
personality of observers in drawing and observing planetary markings. 

It is very much to be regretted that hardly any observations of Jupiter 
seem to have been made anywhere else in 1888. No doubt this was 
largely due to the very low altitude of the planet in that year, but, apart 
frokn this reason, Jupiter appears to have been quite unduly neglected. 
In Section XIY. I have given references to all the observations of 1888 
that are known to me. iFor the most part they consist of almost isolated 
observations or sketches. Now, other things being equal, a series of 
observations is valuable in proportion to its extent. A few desultory 
observations alone by any one observer are of comparatively little value, 
for they are insufficient in themselves to enable the nature of the personal 
peculiarities in observing of the observer to be determined, and hence it is 
difficult to make any satisfactory comparison with the observations or 
results of other observers. It has been necessary therefore to rely 
entirely upon my own observations alone. 

There were three features of unusual interest visible in 1888. These 
were, firstly, a number of little blackish spots which made their appearance 
on three narrow belts in the northern hemisphere of the planet, accom- 
panied by faint dusky streaks extending in a meridional direction for a 
long distance towards the north. Next we have two small but definite 
dark spots in the southern hemisphere, in a latitude unusually &r soutlb, 
where such definite spots are very rare. These two sets of markings have 
served to determine the rotation-period or drift of the surface material 
In the higher latitudes of Jupiter. Lastly, we have the remarkable 
dark spot E, which must be regarded as foreshadowing the apparition of 
the great South Temperate Disturbance of 1889-92, which Disturbance 
resembled in many respects the great South Temperate Disturbance which 
first made its appearance In 1901 in the same south latitude, and is still 
visible at the present time, though there were important differences. 
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A few of the observations included in the present volume have been 
published elsewhere Thus, some of the observations of the Eed Spot 
were pubhshed in the Journal of the Liverpool Astronomical Societif^ 
vol vii p 55 5 and on p 58 of the same publication will be found the 
observed transits of the white spot 0, on the north side of the North 
Equatorial belt The observations of the remarkable dark spot 8, alluded 
to above, were pubhshed in the Monthly Notices, vol lix p 30, with 
reproductions of eight drawings, seven of which also show the Eed Spot 
Lastly, the observations of the two Southern Spots a and h were published 
in the Astronomische Nachruhten, Band 139, col 214 

One thing has been very forcibly impressed upon me in the course of 
the preparation of the present volume That is, the great, and in fact 
almost vital, importance of the publication of eve)y observation for longitude 
of the spots On no account should any observation be omitted from 
publication, however discordant or unsatisfactory it may appear to be, 
or however badly it may seem to fit in with the adopted system of 
identification Probably the simplest and generally most satisfactory 
mode of publication would be in the form of charts, like those forming 
the last five plates of the present volume, though preferably on a some- 
what larger scale The foregoing remarks will apply with equal force to 
the planet Saturn 

In conclusion, I wish to express my most grateful acknowledgments and 
thanks for the numerous and valuable publications which have been most 
kmdly and generously sent me by individuals and institutions Living as 
I do at a distance from any good Astronomical library, it is in most cases 
only by means of these precious donations that I have been enabled to 
become acquamted at first hand with these valuable works In some eases, 
I fear, I may have been remiss m returning thanks, but if so it has 
certainly not been intentional, but due to the fact that the time which I 
am able to give to astronomical pursuits is strictly limited I sincerely 
hope that this wdl be considered a sufficient excuse for any delay or 
omission m returning thanks on my part Also I cannot refrain from an 
expression of satisfaction and admiration at the many very large and very 
important senes of observations of Jupiter which have been made during 
the last ten or twelve years, and which reflect the greatest credit upon 
their respective authors The amount of work represented by the results 
mcluded in the tables of Section XIII is simply enormous, though the 
real meaning of it can only be properly appreciated by those who have 
made and discussed, say, 1000 determinations of the longitudes of different 
markings Nor must we forget the various series of observations which 
have been pubhshed, but which have not hitherto been reduced or discussed, 
so that the results are not yet available for purposes of comparison , nor yet 
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the numerous valuable drawings and descriptions of Jupiter. i*or accurate 
delineation and description should go side by side with determinations of 
longitude and latitude, if we are to make any decided advance in our 
knowledge of the planet. There is a tendency in some quarters to 
depreciate the value of mere drawings of the planets, but assuredly this 
feeling is not shared by the present writer. The value of good planetary 
drawings cannot easily be over estimated. 

It is with great regret, whilst engaged in correcting the final proof, 
that I hear of the death of Major P. B. Molesworth. Although a 
successful observer in other departments of Astronomy, it is in connection 
with the planet Jupiter that his name will be diiefly remembered. A 
most careful, painstaking and skilful observer, be was endowed also with 
amazing energy and enthusiasm. As an illustration of this may be 
mentioned the fact that during a single opposition of Jupiter he observed 
no less than 6768 transits of spots ; and during another opposition as 
many as 6651 transits, besides making many micrometer measures for 
latitude and numerous miscellaneous observations. He was also an 
excellent draughtsman. 
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SECTION 1. 

THE INSTRUMENT AND METHOD OP OBSERVATION. 

Thb telescope with which the observations were made is a silver-on-glass 
reflector by Oalver, having an aperture of 165 mm. and a focal length of 
1’944 metres, and equatorially mounted, bub without driving-clock. The 
eyepiece nearly always used was formed of a single plano-convex lens, 
giving a magnifying-power of 160 times. A few observations were made 
with a micrometer eyepiece formed of two achromatic leases of a dividing 
microscope objective. This gave a magnifying-power of 228 times. 
Owing to the very low altitude of Jupiter higher powers could never be 
used in practice with any advantage, the planet's meridian altitude only 
slightly exceeding 20°, even in the south of England. 

A fikr micrometer by Troughton and Simms was employed for the purpose 
of measuring the latitudes of the belts and spots. It was not used for 
determining longitudes, partly because of the equatorial not having a 
driving-dock, and partly because it was considered that longitudes could 
be fixed with all necessary accuracy and much more easily by the method 
of eye-estimated transits. We now know that the latter method gives 
results equal in point of accuracy to the micrometric method. A number 
of measures of wide double stars were made in the years 1888 and 1889 
with the object of determining the value in seconds of arc of the micrometer- 
screw. These measures have not up to the present time been reduced, as 
the m^sures for latitude are purely differential, and all that is necessary 
is to give the measured distances from the north and south limbs of the 
planet in parts of the micrometer-screw. There are no corresponding 
measures of the equatorial diameter of the planet ; and even if there were, 
it is not likely that measures made with my little telescope could add 
anything of value to our knowledge of the polar and equatorial diameters 
of Jupiter, or the relative values of these two quantities. This work has 
been so thoroughly done with the many existing big telescopes as to make 
it simply waste of time for anyone to attempt anything similar with 
a small one. 

Eor the purpose of fixing the longitudes and determining the rotation- 
periods of the spots the method of simple Bye-estimated Transits was 
made use of. In this method the time when a spot is observed to be 
exactly in mid-transit across the planet's disc is carefully noted as exactly 
as possible. The rotation of the planbt is so rapid that the longitudes can 
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be fixed in this manner with as much exactness as they are by micrometer 
measures Observations of this kind constitute what I have termed direct 
transits In 1888 the times were usually recorded only to the nearest 
minute of time, though in a few instances greater exactness was used 
Subsequent experience has shown that there is a distinct gam in the 
accordance of the observations by always noting the times to the tenth of 
a minute 

Besides the direct ttansits, a certain number of double transits were 
observed That is, if the time is noted when two spots of the same kind 

d in the same latitude are at equal distances on either side of the central 
meridian of the disc, and also the time when one of the spots is in mid- 
transit, we obviously have the means of fixmg the time of transit of the 
other spot This latter time is then determmed by what I have called 
double transit 

Finally, there are also some estimated transits, where the spot being a few 
minutes before or after mid-transit when observed, the time when that 
event occurred, or would occur, was simply estimated This can be done 
with a considerable degree of accuracy, provided that the spot observed is 
not more than ten mmutes before or after mid-transit ^Neither the double 
transits nor the estimated transits can be expected to give results equal in 
point of accuracy to those obtained by direct transits, and they have not 
been made use of except when a diiect transit is not available They are, 
however, useful m some cases where, owing to intenuption by clouds or 
for some other reason, the direct transit could not be observed 

The diiect transits, as m the observations of 1887, were weighted at the 
time of observation according to a definite scale, ranging from 1 (very had) 
to 5 (perfect satisfaction) Some of the observations weighted 1 are very 
rough indeed The transits were all observed with the same eye, my right 
eye, and care was taken to always hold the head so that a line through the 
eyes was parallel to the direction of the belts This is very easily done 
when the telescope is a Newtonian reflector with rotating tube 

The following abbreviations have been used to describe the size, 
brightness or darkness, and appearance of the spots and other markings 
Those indicating size, brightness, aud darkness form a definite and regular 
scale — 


List of Abbreviations used 


eL = exceedingly large 
yli = "very large 
li = large 

mL = moderately large. 

S = small 
vS = very small 
eS = exceedingly small 
eeB = most exceedingly bright 
eB = exceedingly bright 
vB = very bright 
B = bright 

mB = moderately bright 
F = faint 
vF = very faint 
©F = exceedingly faint 
eeB = most exceedingly dark 
eB =: exceedingly dark 


vB = very dark 
D = dark 

mD = moderately dark 
F = faint 
vF = very faint 
eF = exceedingly faint, 
V = very 
m = moderately 
def = defined 
p = preceding 
f = following 
n = north 
s = south 
irr = irregular 
R = round 
wh = white 
r = red^ redness 
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In addition to the foregoing abbreviations, B has been very frequently 
[ised to indicate the sidereal rotation-period of a spot, expressed in mean 
solar time ; whilst A has been used to signify the distance of a spot or 
belt from the equator of the planet to either the north or south limb, cor- 
rected for the elevation of the Earth above the plane of Jupiter’s equator, 
bhe semi-minor axis of the disc being taken as unity. 

Besides the observations and measures of the spots and belts for longitude 
md latitude, the planet was drawn on each night of observation after the 
manner described on pp. 5 and 6 of Vol. I. of these Fragments. That is, 
3very spot was drawn as it appeared when in mid-transit across the disc, 
md consequently when presented as near as possible in its true aspect, and 
unaffected by longitudinal foreshortening. Drawings made in this manner 
Duly require the addition of lines of latitude and longitude to constitute 
Eictual maps of the planet. I should much like to have reproduced all 
these drawings, but this has not been practicable. Since, however, the 
Jrawings will be carefully preserved, I have given in the last columns 
3f the tables of observations of the. spots in Section V. a reference 
bo the drawing in which the spot appears, so that it will be easy at 
my time to trace the past history of any particular spot, should such be 
lesired. 

The longitudes of the spots have been given according to Marth’s 
'* Ephemeris for Physical Observations of Jupiter,^’ published in the MmMy 
Notioe^f vol. xlviii. p. 68 ; the equatorial spots according to “ System L,*' 
md the extra-equatorial spots according to System Neither of these 
two systems, it should be mentioned, corresponds to those in use at the 
present time. The following are the rotation-periods of the two systems : — 

System L R = 9^ 60“ 15®*88. 

System II. E = 9 55 40 *63. 

The rotation-period of System II. is the same as that used in the present 
Jovian ephemerides, but the zero of the longitude is different. The 
rotation-period of System I. is, however, quite different from that now in 
use, the latter being 9^ 60“ 30‘‘004, or nearly fifteen seconds longer, 
rhese differences must be borne in mind when endeavouring to trace the 
past history of any spot or other marking. 

l?he state of the definition or ‘‘seeing” has been noted at frequent 
intervals on each night of observation upon a scale ranging from 1 (worst 
possible) to 10 (perfect definition). Definition so bad as 1 has only rarely, 
been recorded. On the other hand, one of 10 has never been reached in 
this climate, though one of S or 9 has been occasionally noted. Definition 
squal to 10 of the scale would mean that the image was absolutely sharp 
md distinct with all powers, and without so much as a quiver. With 8 or; 
9 the definition would be as sharp as with 10, but occasionally a shght 
quivering or unsteadiness would affect the image. Such nights are,, 
Sowever, rare in this climate. More usually the definition ranges from 
2 to 6 or 7, and the change from one extreme to the other sometimes 
:akes place quite suddenly. The scale value of the definition is not 
stated in the tables of observations of the spots in Section V., but 
it is frequently given in the subsequent Sections. The reason for . 
:his omission is that the effect of the quality of the seeing has already 

b2 
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been more or less discounted in the weights attiibuted to the transit 
observations 

It IS necessaiy to say a few words on the subject o£ the intei pretation 
of observations of planetaiy markings Much has been wiitten and said 
about this, and there seems to be a large amount of misconception or mis- 
apprehension on the subject It would even seem to have been considered 
or assumed that ve see, oi ought to see, things as they really are Nothing 
could V eU be much more erroneous We never do see, nor are we ever 
likely to see, planetary markings as they really are All that we evei do 
perceive IS an impression pioduced by a conglomeiation or more or less 
confused ]umhle of smaller details, too small or too indefinite or delicate, 
or too close togethei to be separately distinguishable We never do see, 
nor can we ever hope to see, the ultimate structure ot the markings And 
m endeavouring to interpret our observations it is very impoitant to bear 
three things m mind JFiistly, that several small dark^ spots situated 
close together, and too small or too near one another to be seen separately, 
will or may appear to an obseiver as one apparently uniform daik spot or 
area Secondly, that several small dark spots lying very approximately in 
a line, and too small oi too close together to be separately distinguished, 
will or may appear as a more or less unifoim and continuous dark streak 
Thirdly, that when there are a number of veiy small dark detached spots 
scattered about on a bright surface, the eye of an observer can or may, 
consciously or unconsciously, join up several such spots, so as to give rise 
to the impression of the presence of more or less definite dark lines or 
streaks The last two of these three things, although knov'n before, weie 
first clearly demonstrated, I believe, by the interesting experiments con- 
ducted by Mr and Mrs E W Maunder and Mr J E Evans t The 
first has rarely, however, been even obscurely alluded to, although it is not 
less important than the other two But there is one point which I parti- 
cularly wish to emphasise That is, that in every case coming under these 
three heads there is an objective basis for what is apparently seen It is 
a mistake, therefore, to speak of them as though they were purely subjective 
or altogether illusory or imaginary Whether any particular streak oi 
spot IS to be regarded as being really a more or less continuous streak or 
area, or is to be referred to one of these three heads, must usually remain 
largely a mattei of individual opinion , and each separate case must be 
considered on its own merits 

Most of those who have written upon the subject of the interpretation 
of observations and the visibility of streaks and lines seem to have over- 
looked, or disregarded or insufficiently considered, two very important factors, 
namely irradiation and contrast As a consequence of the former of these 

irradiation — a narrow dark streak on a bright surface will look narrower 
than it really is , and some eyes appear to be more affected by irradiation 
than others Another effect of irradiation is to cause minor irregularities 
on the edges of a dark streak to appear smaller than they really are, or 
even if very small to vanish altogether So that the total effect of 
irradiation is to cause a dark streak to look both narrower and more 


* Dark spots have been referred to here, but the same considerations w ill 
or less equally well to hnght spots on a darker ground 
t See Mordhly Noitc^s^ vol Ixiii p 488 


apply more 
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regular or even than it really is. Contrast, we know, may cause a small 
spot on a relatively large bright surface to appear as though.it were almost 
if not quite black, although in reality it may be only slightly duller than 
the brighter surface around. And possibly this effect might be even more 
pronounced in the case of a narrow dark streak or line on a relatively large 
bright surface. Contrast, again, apparently affects some eyes more than 
others. Have we not here a more or less complete explanation of the 
different manner in which dark streaks, such as the canals of Mars, appear 
to different observers? To the observer whose eyes are the more sensitive to 
the effects of irradiation and contrast the canals would appear narrower 
and more regular than they would to one whose eyes were less sensitive. 
Hence one observer might very well describe a given canal as a compara- 
tively broad, diffuse and perhaps even irregular streak, whilst another 
observer might see it as a narrow and almost black uniform line.- Of all 
observers of Mars, Professor Percival Lowell seems to be the one who 
habitually sees and draws the canals as most linear. It would be interesting, 
therefore, if it could be ascertained whether his eyes are more sensitive to 
the effects of irradiation and contrast than are those of ordinary observers. 
Since irradiation must certainly, however, cause the canals to appear 
narrower than they reaUy are, 1 am inclined to think that a recent estimate 
by Professor Sitnon Newcomb * of the total area of the canal-system of 
Mars as mapped by Lowell, deduced on other grounds, may not really be 
far from the truth after all. That is, that the area of the dark surface of 
the entire system of canals can scarcely be much less than half the total 
area of the planet. 

But whatever may be the interpretation that can be put upon observations 
of planetary markings, there is one thing above all others that the con- 
scientious observer should be most careful about ; and that is to- delineate 
and describe as exactly as possible that which he sees or appears to see. 
On no account should he try to see things as he thinks they ought to be 
seen ; and still less should he strive to see things as others think that he 
ought to see them. 

It should be mentioned that my eyes appear to be more sensitive to 
bright markings than to dark mar^gs ; so that if there were alternate 
white and dark areas in one of the zones of J upiter I might very likely 
observe the light interspaces and call them white spots, although other 
observers might more particularly notice the dark intervals and describe 
the same as a succession of dark spots. 

There is one other thing which should be referred to here — that is, the 
effect of aperture on the perception of planeti^ markings. Other things 
being equal, increase of aperture, both theoretically and practically, results 
in minuter details being rendered perceptible. But increase of aperture 
does not necessarily make a faint spot or marking of large area any 
plainer or more easily perceptible. There is no theoretical reason why it 
should, provided that the image is sufficiently bright with the smaller 
aperture. The perception of a faint spot or m arking of large area is 
essentially the perception of faint contrasts,^ and the use of a larger 
aperture might even cause such an object to disappear, since by rendering 
visible some of the sm^er and fainter details that were not perceptible 

* Astrophyncal Jourml^ vol, xxvi. p* 16. 
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With the smaller apeiture, the general contiast of the whole area might be 
reduced or altered, and a large proportion of the planetary markings 
hitherto observed are areas of more or less considerable extent, particularly 
so perhaps those generally observed upon the planet Jupiter There is no 
^eoretical or practical reason, so far as I am awaie, why the South 
Equatorial Belt of Jupiter, considered as a single streak or marking, should 
be aiy plainer with a 24-1 neh aperture than it is with a 12-inch apeiture 
Ihe former would no doubt show minuter details about or in connection 
^th the belt than the latter , but this is a dijfferent mattei altogether 
Hence it may be quite possible for a large, faint, indefinite spot to be more 
easily perceptible with a small telescope than it is with a large one, owing 
to the reduction or alteration of the contrasts resulting from the use of the 
larger aperture 
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SECTION II. 

ON THE DEORBB OF AOOUBAOr OF THE OBSERVATIONS 
FOR liONOITODB. 

Until quite recsently it was supposed that the results obtained by the 
method of eye-estimated transits were much inferior in point of accuracy 
to those derived by the micrometric method, in which direct measures of the 
spots are made from the limbs of the planet with a micrometer. This idea, 
which is erroneous, seems to have arisen chiedy because no one had ever 
taken the trouble to properly compare the results obtained by the two 
methods. We now know that the results given by the method of transits 
are no whit inferior to those yielded by the micrometric method, so far as 
the accidental errors of the observations are concerned ; whilst there is no 
reason to suppose that the latter method is less liable to systematic error 
than the former. Theoretically the micrometer should give the more 
accurate results, partly on account of the more exact bisection of the disc 
resulting from its use, and partly owing to its power of repetition. But 
in practice it is found that this theoretical advantage is masked or nullified 
by the circumstance that the markings which we have to observe are not 
round definite spots like star-discs, but spots of every degree of irregularity 
and non-uniformity*; and which spots, moreover, are in a more or less 
constant state of real change both in appearance and in position. There 
is consequently much uncertainty in the setting on such objects, the 
appearance of which is, moreover, liable to be prejudicially adected 
by the placing of a micrometer “wire” over them. There is also an 
additional source of uncertainty in the setting on the limbs of the planet, 
since one limb is commonly much duller than the other. It is not, 
however, proposed to consider this question generally here, but only 
the question of the degree of accuracy attained in the present series of 
observations. 

With regard to fhis question there are several reasons why the degree of 
accuracy actually attained should be less than that attainable under 
favourable conditions. Eor, firstly, there is the low altitude of Jupiter in 
1888. With a meridian altitude of only about 20® it is obvious that the 
majority of the observations must have been made with the planet at 
a considerably lesser altitude. The unsteady definition usually prevailing 
at such low altitudes must therefore have prejudicially affected the 
results. It should be mentioned that observations were made on every 
night that the planet was visible, and nob only on selected nights when 

* According to my experience it He most rare to see an exactly round or oval, and 
definite, or uniform spot on Jupiter, and even when seen tliey rarely preserve that aspect 
for more than a short period of time. The best delineations of the planet by other 
observers convey the same impression. 
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the seeing was, i£ anything, above the average On many nights in 
1888 the seeing was, as might be expected, exceedingly confused and 
unsteady , hut on no night daiing the apparition were the observations 
discontinued on account of the badness of the definition, though, of course, 
on bad nights the fainter spots could not be observed, or, indeed, even seen 
at all 

Secondly, as already remarked, the times of transit were usually recorded 
only to the nearest minute of time, whereas subsequent expeiience has 
shown that there is a distinct increase in the accordance of the observations 
by noting the times to the tenth of a minute 

Thirdly, and this is perhaps the most important reason of all, there were 
no spots visible in 1888 really suitable under the conditions prevailing for 
exact observation Exception may perhaps be taken to the remarkable 
dark southern spot 6, and to two or three of the little dark spots in the 
northern hemisphere of the planet , but these spots, on account of their 
small size, were difficult to observe excepting on nights when the seeing was 
much above the average. And, moreover, being situated in comparatively 
high latitudes, they were, for this reason, also more difficult to observe 
But the spots in geneial were all more or less indefinite and ragged or 
irregular on the edges, and not uniformly dark or bright, as the case might 
be It should be mentioned in this connection that the spots are repre- 
sented much more regular in shape and more definite in the Map of Jupiter 
forming Plate I than they really were This is partly owing to the general 
or average appearance being given in the Map, and this means that the 
minor irregularities, not always seen, are necessarily omitted Another 
reason is that the time available for observing the appeal ance of any 
particular spot is very short, owing to the rapid rotation of the planet, and 
IS, indeed, usually too short to enable an observer to make out and delineate 
the mmor irregularities or details of the spots 

Lastly, there are the large leal changes in appearance and position to 
which many spots are subject Owing to this it has been necessary to 
discard altogether the equatorial spots and to confine ourselves to the extra- 
equatorial markings, in which the real changes aie seldom so large or so 
sudden 

In ordei, therefore, to ascertain the degree of accuracy of the present 
seues of observations, the mean error of an observation t has been 
determined for several of the best ohserv ed and most suitable spots in each 
of the different zones of spots, omitting the equatorial markings The 
following are the results — 


* The figures of Plate III will give some idea of the changes of appearance to which 
the equatorial spots are subject, and Plates YII and YIIl will indicate the abrupt 
changes of position which they undergo 

t As defined by Airy in his work on the * Theory of Errors of Observations/ § 26, 
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ArPAEBMTD EeEOES OE THE ObSEEYATIONS. 


Spot. 

Mean Error. 

Number of Observations. 

(a) Northern Spots. 


Dark Spot r 

m 

+2-6* 

11 

Dark Spot 0 

+3-3 

9 

Dark Spot 2 

±2*3 

7 

Average mean error .... 

±2-7 

(3 spots.) 

(b) North Tropical Sjpots. 

White Spot C 

+2-7 

21 

Dark Spot D 

±2-1 

17 

White Spot D® 

±3-6 

12 

White Spot H ........ 

zb3-3 

14 

White Spot L 

±3-1 

10 

White Spot P 

±2-2 

12 

Average mean error .... 

±2-8 

(6 spots.) 

(c) The Bed Spot. 


Bed Spot 

±1-7 

15 

(d) South Temperate Spot. 

Dark Spot S 

±2-6 

10 

(e) Southern Spots. 


Dark Spot a 

±3*8 

8 

Dark Spot h 

±3-4 

8 

Average mean error 

±3-6 

(2 spots.) 


The apparent errors of the two Southern Spots are rather large, as might 
be expected in the case of spots situated in so high a latitude. Omitl^g 
these two, the average mean error of an observation from all spots is 
±2“*7 (11 spots). But this is reallj too large, since in several cases 
there are clear signs that the motion of the spot concerned was not 
uniform. It is only necessary to refer to the spots 8 and H, where the 
evidence is clear that the motion was not uniform. In the case of either 
spot the magnitude of the residuals could be largely reduced by using a 
rotation-period varying slightly with the time. I think it may therefore 


^ Omitting the first two observations of this spot, the mean error is 
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1)6 concluded that the average mean error of an observation in 1888 was 
± 2 ^ 5 for all spots In the case of the Eed Spot it was ±1“^ 7, as stated 
above, and this probably represents the highest degree of accuracy attained 
in this year Under more favourable conditions the average mean error 
for spots in general is about ±-^“0 

The Eev TEE Phillips has recently called attention to the possible 
existence of a form of systematic error in eye-estimated transits of the 
Eed Spot, or rather of the Eed Spot hollow^ He found that the 
rotation-period of the Eed Spot hollow was, on the average, 0® 4 shorter 
when derived from one opposition to another than when it was deduced 
from the observations of each opposition This was from observations 
made in the years 1898 to 1904 My own observations of the Eed Spot 
itself, made in a nearly corresponding period of time (1899 to 1904), show 
a similar difference, though larger in amount namely 0® 9 1 Unfortunately 
the motion of the Eed Spot, and of the hollow or bay, has been so irregular 
during the last eight years, that it is impossible to come to any definite 
conclusion on the subject from recent observations Those of 1888, when 
compared with those of 1887, do not, however, favour the idea of the 
existence of a form of systematic error of the kind referied to The 
longitude of the Eed Spot, according to my observations, was about 349° 
at the end of the observations of 1887 1 This was also about its longitude 
at the beginning of the series of 1888, and likewise at the end The 
existence of the suspected form of erroi is therefore not confirmed 

* The Observatory, 1905, p 344 t Ibid p 390 

f See Z E vol 1 p 9b My obsen ations of the Bed Spot in 1887 are most unsatis- 
factory, owing to the abnormal |)revalenee ot easterly winds during the spring and summer 
of that year Jhis is apparent from the large proportion of tiansits bearing the low 
Ti eight of 1 
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SECTION III. 

THE MIOBOMETRIOAIi MEASURES FOR LATITUDE. 


The measures were always made from both the north and south limbs of 
the planet. Generally a complete measure consists of three or four double 
distances from each limb, but in the case of the two dark Southern Spots 
a and 6 there is only a single double distance from each limb. These spots 
were very diflSloult to measure, owing to their small size, and consequently 
the measures could only be effected in the instants of best seeing, so that 
time did not permit of a larger number of settings. It is important that 
measures for latitude should be made when a spot is near the central 
meridian of the disc. 

In the list of measures which follows, the first column gives the 
date and the second and third the measured distances from the north and 
south limbs respectively, these distances being given in divisions of the 
head of the micrometer- screw. The fourth column contains the latitude 
deduced from these measures, and the fifth column the correction B for 
the elevation of the Earth above the plane of Jupiter's equator. In the 
sixth column is the reduced or true latitude, corrected for B, and the last 
column gives the longitude of the central meridian, according to System U., 
when the measures were made. 


The question as to what kind of latitude it is advisable to adopt is an 
important one in the case of a planet like Jupiter, in which the polar 
compression is so great. A great many measures for latitude and the 
resulting latitudes, frequently without the actual measures, have been 
published, sometimes without any definite statement as to what kind of 
latitude has been adopted, or what formula has been used in the reduction. 


To add to the confusion here, it appears from a recent statement of 
Mr. A. C. D, Crommelin * that a wrong formula has been l^gely made 
use of, so that many of the published latitudes are presumably not true 
zenographical latitudes, as had been supposed. 

Under the circumstances outlined above it seems pertinent to ask 
whether it is really necessary to go to the trouble of stating the results 
of such measures in either zenographical or zenocentiical latitudes. 
The positions of the belts and spots are required simply for locating these 
objects on the planet, or for comparison only, and they have never been 
used for any other purpose that I am aware of. Major P. B. Molesworth 
has published bis own results without taking account of the polar com- 
pression, or as though Jupiter were a perfect sphere, and I have here 
followed his example, making use of the simple formula given by him t. 

Sin 0=cZ/r. 


* See Monthly Notices^ vol. Ixi. p. 116. 
t See np, cit, vol. Ixv. p. 696. 
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where (Z=the distance from the centre of the disc, and r=the polar ladms 
of Jupiter , but of course coirectmg for the elevation of the Eaith above 
the plane of the planet’s equator 

Besides giving the latitudes derived in the above manner, I have also 
given the mean distance from the equator expressed as a decimal of the 
semi-minor axis of the disc This manner of expressing the measured 
latitude IS a convenient one , for most of the observations of Jupiter are 
made when the apparent polar diameter of the planet does not diffei much 
from 40'^ Since half of this, or 20", would represent the semi-minor axis 
of the disc, it IS obvious that 0 1 of the distance from the centre to either 
limb will correspond to about 2" of arc , whilst 0 01 of this distance would 
be equivalent to about 0" 2 of arc, which is near the effective limit of 
accuracy with which measures of the markings on Jupiter can be made 
The semi-axis minor of the disc can be divided into tenths pretty exactly 
by the eye The symbol A has been used to indicate the latitude expressed 
in the manner above indicated. 


MiASURBS OB THE BeLTS, ETO 
J^ortli Temperate Belt (middle) 


Date 


s 

Obs Lat 

B 

True Lat 

Long 

1888 

May 1 

39 7 

118 8 

+ 29 93 

-316 

+26 77 

o 

162 

June 1 

1 410 

119 0 

+ 29 14 

-311 

+26 03 

35 

„ 10 

1 37 4 

117 7 

+ 3113 

-3 08 

+28 05 

302 


Mean Latitude^ -4-26° 95 , A= -fO 453 (3 n) 


Tforth Equatorial Belt (north edge ) 


Apr 

13 1 

55 8 

106 

3 

+18 

13 

-3 

16 

+ 14 

97 

334 

May 

1 1 

54 6 

102 

6 

+17 

76 

-3 

16 

+ 14 

60 

113 

73 

2 ' 

53 7 

106 

0 

+ 19 

09 

-3 

16 

+ 15 

93 

257 

77 

11 

54 9 

108 

5 

419 

15 

-3 

15 

+ 16 

00 

228 

77 

12 

541 

108 

1 

+ 19 

45 

-3 

15 

+ 16 

30 

285 

77 

14 

55 9 

103 

5 

+ 17 

40 

-3 

15 

+ 14 

25 

274 

77 

24 

54 3 

109 

5 

+19 

69 

-3 

13 

+ 16 

56 

296 

June 

2 

53 9 

107 

5 

+19 

39 

-3 

11 

+ 16 

28 

181 


Mean Latitude= + 15° 61 , A= -f 0 269 (8 n) 


South Equatorial Belt (south edge ) 


Apr 20 . 

95 8 

60 7 

-12 94 

-316 

-16 10 

13 

„ 26 

96 4 

613 

-12 83 

-316 

-15 99 

129 

May 3 

98 0 

61 6 

—13 18 

-316 

-16 34 

48 

„ 11 

99 5 

63 2 

—12 88 

-315 

-16 03 

171 

Juae 1 

98 0 

614 

-13 30 

-311 

-16 41 

89 

Mean Latitude = 

;-16°17, A=-0 278 (5n) 
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Dark Southern Sjpot a. 


Date. 

N. 

S. 

Obs. Lat. 

B. 

True Lat. 

Long. 

1888. 



o 

o 

o 


May 5 

123-6 

28‘9 

-38-39 

-3-16 

-41-55 

• • 


Latitude=--41°*55 ; A=s— 0-663 (Id). 


Dark Southern Sjpot b, 

MayU ....| 126 9 I 26*7 | --40-69 j -3*15 | -43-84 | .. 

Latitude=— 43°'84; A=— 0-693 (Id). 

The mean positions of the belts are given below, together with some of 
the results of Molesworth’s recent measures * for the purpose of comparison. 
The positions of the !North Temperate Belt and South Temperate 
Belt in 1890, as measured by Professor E. S. Holden on photographs of 
Jupiter taken at the Lick Observatory t, have also been added. 


Belt. 

Latitude in 

1888. 

1890. 

1903-4. 

1904-5. 

S. Temp. Belt (centre) .... 
S. Equat. Belt (S. edge) . . 
N. Equat. Belt (N, edge) . . 
N. Temp. Belt (centre) . . 

0 

+ 16-61 
+26-95 

-29-08 

+25-98 

- 2 E -93 

-14-67 

+13-02 

+26-35 

-29-59 

—19-39 

+31-99 


It will be seen from the above figures that there have been considerable 
changes in the latitudes of the belts. There is nothing new in this, for 
our knowledge of the existence of such changes dates back almost to the 
time of the invention of the telescope, but owing to them it is doubtful 
sometimes whether a belt seen in one year is identical with one visible in 
another. The two equatorial belts can always be correctly identified, but 
there is often much uncertainty with regard to the fainter belts. So far 
as regards the observations of 1888, it seems doubtful whether the narrow 
discontinuous belt in the latitude of the southern edge of the Bed Spot, or 
a broader though also discontinuous belt lying somewhat farther south, is to 
be regarded as the same belt as the South Temperate Belt of the last few 
years. I have called the former of the two belts, that is the narrow belt 
with numerous spots in the latitude of the southern edge of the Eed Spot, 
the South Temperate Belt ; but there is considerable uncertainty as to whether 
it is really identical with the South Temperate Belt of recent years. 

* See Monthly Notices, vol. Ixv. pp. 102-3, and vol. Ixvi. p. 104. GPhe means of ilie 
May and December means have been taken for 1903-4. 

t Monthly Notices, vol. li. p. 404. 
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SECTION IV 

CHART OF JUPITER, HOMENOLATURE OF BELTS, ETC , OENERAL 
APPEARANCE OF THE BELTS AND MARKINOS IN THE 
APPARITION OF 1888 

The Chart of Jupiter forming Plate I was constructed in the same 
manner as was that for the previous apparition of 1887 ^ That is, the 
spots and markings are shown in the relative positions which they would 
have occupied at the date of opposition (1888, May 21), the propei motions 
of the individual spots having been taken into account Eoi the purpose 
of the Chart it has been assumed that the zero of System I corresponded to 
longitude 50° in System II at the date of opposition 

The system of nomenclature adopted for the chief belts and light z.ines 
IS that used, and I believe devised, by the late Eev W E- Waugh, the 
first Director of the Jupiter Section of the British Astronomical Associa- 
tion The diagram, fig 1, Plate II will make it clear. As this system of 
nomenclature has now been very generally adopted all over the world, it is 
much to be desired that all other observers should conform to it, as 
thereby a good deal of confusion, and perhaps m some cases misappre- 
hension, would be avoided It is also a most convenient system in piactice, 
as the belts etc. can he concisely referred to by the initial letteis of 
^eir names for example, the North E(iuatorial Belt by NEB , the North 
Temperate Belt by NTB , and so on 

But, as already mentioned, even when using this or, for the matter of 
that, any other system of nomenclature, there is sometimes doubt or 
uncertainty as regards the identity of the fainter belts The two great 
equatonal belts can always be readily identified with the bright equatorial 
zone, and the north and south tiopical zones But there is occasionally a 
little uncertainty as regards the identity of the North Temperate Belt 

of the South Temperate 
Belt Tins is due partly to real changes m the latitude or position of the 
belts, and partly to changes in their appearance. There is a tendency 
somefames for a narrow belt to die out and disappear, and for a new belt 
to make its appearance later on in nearly though not exactly the same 
latitude There is also some evidence suggesting there may eome- 
times be a progressive shift in the latitude of the fainter belts— those m 
the northern hemisphere for example, shifting southwards towards the 
equator but dymg out before reaching the North Equatorial Belt , and 
new belts makmg their appear^ce from time to time m the region thus 
left vacant towards the north But the evidence on this question is by no 
means conclusive at present ^ 

The change m the system of nomenclature of the belts now adopted has 
p^Toduced some changes m the names given to the different senes of 

1887 become the North Tropical S^ts 
of 1888, the Southern Spots of the former year become the South Temperate 
Spots of the latter , whilst in 1888 the designation of Southern Spots is 

* 2 Tol 1 pp 8 & 9. 
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confined to the markings situated considerably farther south than any 
observed in 1887, 

Coming now to the general appearance of the belts and markings in 
1888, this will be gathered better from inspection of Plate I. than from 
any verbal description. But, as already mentioned, it is necessary to 
remember that the spots and ocher markings are shown with a decided 
unreal uniformity of aspect, simply because their general apj^earance only 
is represented. Hence minor or temporary irregularities are necessarily 
usually omitted. The changes from day to day, or the temporary irregu- 
larities, were particularly great in the case of the equatorial markings. 
The actual spots, moreover, all over the disc were, almost without exception, 
much more indefinite and irregular than they appear in the Chart. A 
certain amount of conventionality of style too is unvoidable in work of 
this kind ; as if a faint, indefinite marking is drawn exactly as it appeared 
it might very likely be lost altogether in the process of reproduction. 
Hence such a marMng is of necessity rendered both more definite and 
more regular than it really was. 

The leading features in 1888 were the two very broad and double 
equatorial belts. With regard to these, the representation of the central 
rifts as continuous straight bright streaks or rifts is in particular a 
conventional one. It represents the appearance passably only as seen 
when the definition is exceedingly bad and confused. Under better 
conditions the central rifts are very different, being really highly complex, 
and formed by narrow, brilliant, winding channels with many brighter 
spots or condensations and other irregularities, and with numerous 
tributary bright rifts breaking through or penetrating into the dark 
material of the belts. The whole sometimes forms pait of a complex 
structure of the belts, similar to that which has been described by Terby in 
his Third Memoir. 

Comparing the present Chart with that constructed from the observations 
of 1887 *, we notice that there is a strong general resemblance between 
the two. Two chief differences are that the North Temperate Belt, double 
in 1887, was never seen otherwise than single in 1888 1 ; and that there 
is a great development of the dark wisps having a meridional direction in 
the bright equatoried zone. The equatorial wisps are separately considered 
in Section XI., so that it is unnecessary to refer to them more particularly 
here, beyond stating that the development of the meridional wisps took 
place chiefiy in the latter part of the apparition, the oblique wisps at the 
same time apparently dying out. This formed part of a general change in 
the aspect of the equatorial region of Jupiter, such change reaching its 
climax a year or two later. 

A third important change is due to a number of little dark spots making 
their appearance on the three narrow belts in the northern hemisphere of 
Jupiter, and in evident connection with them some faint dusky streaks 
having a general meridional direction, and extending for a long distance 
towards the north pole, certainly as far north as north latitude 60®. The 
presence of the two little dark spots a and 6 in an unusually high southern 
ktitude constitutes a fourth important change. 

* Z, F vol. i. plate i. 

t Denning, however, shows it double in a drawms dated 1888, Feb, 12 (Journal lAv. 
Mr. Soo, vol. vi. p. 141). 
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SECTION V 

OBSERVATIONS OF INDIVIDUAL SPOTS, WITH REMARKS 
ON THEIR MOTIONS AND OHANG-BS 


This Section contains tlie details of the obseivatio^ for longitude, or 
rotation-period, of the difierent markings, together with the results derived 
from the discussion of the same The arrangment of the vaiious tables of 
observations will be very easily understood The first column contains the 
date, the second the Greenwich mean time of the transit , the third 
the weight attributed to the observation on the scale of 1 to 5 , the fourth 
the resulting longitude of the spot, according to System I of Mar hs 
Ephemeris for the equatorial, and according to System II for the extra- 
equatorial spots The fifth column contains a shoit desciiption of the 
marking observed, using the abbreviations of the list in Section I The last 
columa gives a refeieace to the oiiginal drawing in which the marking 

^^F^reach Sub section* a Chart is given showing all the observations 
relating to the markings to which the same has leference This is 
cousideied very important, for these Charts show at a glance not only the 
accordance of the observations, but, what is moie important, the natuie and 
correctness of the identification of the different spots, and the changes in 
position or motion which they underwent In work of the kind with 
which we are now concerned we may enumerate the following general 
fundamental prmciples or rules to be followed 

(i ) That the observations of the difierent spots should be correctly 

identified 

(ii ) That the spots observed should be as numerous as possible 

(ill ) That there should be as many observations as possible of each 
spot 

(iv ) That the observations of each spot should extend over as long an 
interval of time as possible 

(v ) That the observations should be as accurate as possible 
The foregoing fundamental prmciples are given in what I consider to be 
their order of importance, though it may differ somewhat widely from the 
order which some observers of Jupiter might adopt This is particularly 
the case mth reference to the last principle, which some observers might 
be mclmed to put first But the reason for putting this last instead of 
first IS, I believe, too strong to be withstood t 


* Excepting that the observations of the Red Spot, of the South Temperate Spot S, and 
of the Southern Spots are all shown upon the same Chart 
t I particularly do not wish to be understood as underestimating or undei valuing the 
importance of making the observations with as much exactness as possible What I do 
want to make clear is that, owing to outside causes, extreme accuracy in the observations 
IS less important than some other desiderata, for when the rotation-periods of adjacent 
spots diSer hy a number of seconds it must be obvious that an increase in accuracy of a 
tenth or two of a second in the rotation-period of an individual «^pot is comparatively 
unimportant 
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Top it must be borne in mind that we are not dealing with fixed points 
on the solid surface of the planet. So far is this from being the case, that 
each and every individual marking on Jupiter may be said to have its own 
peculiar proper motion, or period of rotation, and in most cases such proper 
motion or period of rotation is not even a constant one. Even when we 
have a number of similar spots in the same latitude, it is found that the 
individual spots have rotation-periods diJBEering by several seconds at least 
from each other ; and this is the case whether the observations are made 
by the method of eye-estimated transits or by direct micrometer measures. 
In fact we cannot do better, in order to show the nature of the problems 
with which we have to deal, than to adduce the results derived by Professor 
Q-. W. Hough from some of his micrometer measures. The following, for 
example, are the rotation-periods of spots in the North Tropical region 
derived from the micrometric measures of this observer in the opposition 
of 1894-6*:— 

I^orth Trojpical JSjpoU observed by Hough in 1894-6. 


Black Spot a 

R ss 

h m 8 

9 55 22-8 


• » . • „ — 

9 55 30-0 

99 19 ^ 

• • • • 99 “ 

9 55 36-6 

99 99 ^ 

• • • • 19 “ 

9 55 38-1 

99 19 ^ 

.... = 

[9 55 49-1] 

99 19 f 

.... „ ® 

9 55 34-25t 

White Spot flfo 

.... ,, = 

9 55 23-2 

99 99 

.... — 

9 55 38*1 

99 99 

.... ,, = 

9 55 38-4 

99 99 

.... ,, = 

9 65 40*1 1 

,9 99 W 

.... „ = 

9 55 25-4 


Mean = 9 65 32'69 (10 spots). 


The mean value of the seconds of R is 32'69, but we have variations 
ranging from 9"-89 on one side of the mean to 7"4l on the other, omitting 
the abnormally large result for spot e, because it is based on only tl^ee 
observations with a gap of nearly two months, so that the identifi.cation is 
uncertain. I venture to think that no one studying the above figures can 
fail to be impressed by the comparative unimportance of extreme accuracy 
in the observations ! What practical diflEerence would result by an increased 
exactness of a few tenths of a second in any one of the above values of B ? 
It is obvious that each spot has its own peculiar proper motion or rotation- 
period, and that whilst all the spots partake more or less of the motion of 
the same ^eat current, there are local variations in the rate of the 
motion or drift of this current. Yet by taking the mean of the rotation- 
periods of a number of spots in the same latitude, or current, we can 
eliminate to a great extent the effect of these local variations. We may 
be sure that the mean value of Hough’s 10 determinations represent 
closely the actual rate of drift of the North Tropical current in 1894-6. 

A, K 3364 . 

t Mean of the two deduced periodii. 
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If the spots were fixed to the solid surface of the planet, we shou d have 
no option but to consider the accuracy of the observations as of the very 
first importance But, as we have seen, the individual proper motions of 
the spots in the same latitude are so diverse as to greatly exceed any 
possible errors in the observations, and it is m fact, seldoni necessary to 
Kte much time to the computation of the rotation-period of an individual 
snot so as to obtain out of the observations all the accuracy that they are 
capable of givmg It is, almost without exception, pure waste of time and 
labour to cSculate the rotation-period of any one spot by an elaborate least 

square reduction of the observations 

But what IS of far greater importance than extreme accuracy in the 
observations is that there should be as many spots observed as possible in 
the same latitude Tor by combining the rotation-periods of a number of 
^ucb spots we shall, as already stated, eliminate m great measuie at least 
the effects of the individual proper motions, and obtain a lesult which we 
may regard as representing very closely the rotation-period of the surface 
materiS of the latitude in question Eor this reason I place the number 
of snots observed next after what I consider to be the most important 
principle of all—that is, as already stated, that the observations of the 
individual spots should he correctly identified _ „ ^ i ^ 

It must be remembered that spots possessed of such a characteristic 
aspect that they can be infallibly recognized simply by their appearance 
are rare The great Eed Spot, the peculiar little reddish spot known as 
the ‘‘ Violin ” spot, which made its appearance a few years ago , and the 
present South Temperate Disturbance, may be instanced as examples of 
markings of this kind But, generally speaking, the spots have a great 
family likeness, particularly those which are situated m the same latitudes, 
so that it is usually difficult, if not impossible, to identify them with 
certainty by their appearance alone , not to mention the fact that m some 
latitudes the individual spots undergo great changes in their appearance in 
the course of a few days 

The importance of correct identification can, perhaps, he best appreciated 
by fuming to Plate VIII , which shows all the observations of the South 
Equatorial spots It is not difficult to place a straight rule almost any- 
where, or in any direction, across this Chart so that it would nearly cut 
through four or five or even more of the dots or ciicles representing the 
observations Yet any such identification derived m this manner would he 
obviously in most cases quite erroneous, although the four or five observa- 
tions might appear to be very accordant In other words, an identification 
based only on four or five apparently very accordant and accurate 
observations may be in reality quite incoirect To add to tlie difficulty, 
the equatorial spots undergo great changes within a few days, so that a 
very bright spot seen on one night mav be comparatively faint a few nights 
later , whilst a faint spot not far off may have become very brilliant I 
venture to think that a careful inspection of Plate VIII will satisfy most 
people not only of the primary importance of correct identification, but 
also that it is very important that the observations should be as numerous 
as possible, since it is only by having many observations available that we 
can he certain of the correctness of our identifications 

Theise is one additional general rule which I have found very helpful in 
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identifying the different spots, particularly those situated in the equatorial 
regions of the planet. This is, that the white spots do not pass or cross 
over or under the dark ones, and vice versa. For whenever the observations 
are very numerous we find that if a white spot, for example, undergoes a 
shift of longitude, the adjoining dark spot experiences a similar shift. This 
rule, although a great help in the work of identification, must not be taken 
as infallible liowever. In the present series of observations there is strong 
evidence showing that the dark North Equatorial spot 24 a passed from 
one side to the other of the white spot 23. 

(i.) The Noethebn Spots. 

In 1887 no spots were observed on or to the north of the North 
Temperate belt, but after the observations of 1888 had been in progress 
for some time two little nearly round blackish spots were observed on the 
North Temperate belt and the next belt to the north of the same. These 
constitute the spots designated T. They were first seen on May 2 It 
is well known that an eruption of small blackish spots occurred in 1880 on 
the North Temperate belt, which spots were remarkable as having the 
shortest rotation-periods of any markings hitherto observed upon Jupiter, 
namely about 9^ 48® only, or nearly eight minutes shorter than that of the 
Red Spot. It was therefore very important to ascertain as soon as 
possible whether or not the newly formed spots had a similar abnormally 
quick motion, or whether they rotated at approximately the same rate as 
the Red Spot, This question was quickly settled by observations of the 
same spots on the following night, May 3, although the planet had made 
only two rotations in the interval. Since the pair of spots preserved the 
same position as before relative to the Red Spot, it w^as clear that they 
rotated at approximately the same rate as that object ; since if they had 
rotated as quickly as the quick-moving spots of 1880, there would have 
been a relative dfsplacemeut equivalent to something like sixteen minutes 
in the time of transit in the course of two rotations of the planet. 

Very shortly after this (Kuite a number of similar spots were observed on 
the two narrow belts above referred to, with in some cases a third companion 
spot on the narrow belt still further to the north. But in most cases they 
should be described as thickenings of the belts rather than as spots properly 
so called, and even the two spots P became more elongated and less spot- 
like as the time went on. 

But what is somewhat remarkable is that in most cases there was also a 
dusky streak extending in a north and south direction through the different 
spots of each little group. These streaks gave a very peculiar appearance 
to the northern hemisphere of the planet, as when several of them were in 
sight together the streaks appeared as though they radiated from the north 
pole of the planet, like broad meridian lines. This appearance is repre- 
sented in Plate 11. fig, 2. In some cases the streaks extended southwards 
across the North Tropical zone to dark spots on the north side of the North 

** Two of the spots 'B had, however, been seen as early as April 6, but they were not 
re-observed until May 18 ; and they were, moreover, very much extended, so as to be 
rather narrow thickenings of the belts than spots properly so called, 

c 2 
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Equatorial telt, and northwards they certainly extended as far as north 
“indent from the long-continued existence of these spots and streaks 

A.nd this time is very nearly the same as that of the Eed Spot, the mean 

(rotation from nine spots being S'" SS” 39“ 43 i j i 

The appearance presented by these streaks was so replar and peculiar 
tis to make one thmk that they were not real, but due to some species of 
musion But there can he no doubt of their real existence, for they only 
Appeared as apparently straight north and south streaks when near the 
oLtol mendian of the disc At other times they ^ 

mclined to that meridian, as roughly indicated II fig 2, and heu 

angle of mchnation was constantly changing as they moved across 
Moreover, somewhat similar streaks were photographed at the Lick Obser- 
vatory sc^e years later Hence the hypothesis that the streaks were 
nurely apparent or illusory, or due to the eye of the observer linking up or 
connecting together seveial dark spots close together and nearly in a 

straight line, does not seena tenable 4. £ 

All the observations of these Northern spots are shown in Chart form 


Darlc Northern SfOts T 


Bate 

Transit 

m 

Long 

Description 

Fig 

188a 

h m 

14 50 

3 

0 

02 

2 neaily E blackish spots 

165 

iviay ^ '• 

3 ' 

10 40 

1 

359 6 

Seen indistinctly through cloud 

166 

19 ^ 

10 

11 37 

2 1 

68 

2 S spots 

170 

99 

12 

13 17 

2 

80 ! 

2 S spots 

173 

14 

14 15 

2 

80 

2 S D spots 1 

176 

99 

20 • 

29 53 5 

1 

82 

Def V confused 

179 

5) • 

24 

13 05 

1 

56 

2 S v delicate spots 

183 

99 " 

27 

10 35 

1 

61 

2 S D spots 

186 

99 

Jun6 1 

9 43 5 

2 

60 

2 S spots with E D streak 

190 

, 3 

11 22 

2 

71 

2 S spots 3oined by E shading 

192 

99 

10 

12 05 5 

1 

60 

2 S D spots 

193 

39 

„ 13 

9 32 

2 

42 

2 8 spots with F streak 

195 


* Fig 2, Plate II only roughly represents the appearance of the streaks apparently 
radiating from the planet’s north pole, and it is a purely imaginary diagram The various 
drawings do not show the streaks extending north of the belt in latitude about 
(see Plate I ), but I am certain that they actually extended much farther north than this 
belt Indeed the streak through spots 0 is expressly described as extending northwards 
almost to the pole on May 15 
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8=9*^ 55® 40*-7 (101 rotations). The following are the residuals 0—0 
according to the above period : — 


Date. 

0-0. 

Date, 

0-0. 


1888 , 

m 

1888-. 

m 


May U 

„ 3 

- 9-7 
[-10-9] 

+ I’l 

May 24 

-o-a 

00 


„ 10 

June 1 

+1-3 

+1-7 

-0-3 


„ 12 

4- 3*2 

„ 3 


»» * • 

14 

+ 3-2 
+ 3*6 

10 




„ 13 

-3-2 



in Plate V., lines being drawn connecting the observations of the sarme 
spots. The connecting lines, both here and in the other Spot Charts, are 
continuous when the identification appears certain, but dotted when it is 
doubtful. The different Northern spots, or rather groups of spots, are 
here separately considered in order of increasing longitude. 

The mean error of an observation of the spots r is ± omitting that 
of May 3 ; or 1®*7, omitting both May 2 and May 3. The difference of 
the first two observations from the rest is probably due partly to real 
clmnge in the spots, and partly perhaps to a different reference point being 
taken. When the spots were first seen they were nearly round, and the 
northern most one was some distance preceding the other. But later on 
they hatl a(?quired a more elongated shape, and the northernmost spot 
only slightly preceded the other. It is not unlikely that the two spots 
, may have been observed as one mass on May 2 and 3, whilst subsequently 
the southernmost and plainest spot alone may have been observed for 
longitude. 


DarTe Nor^htm Spots A. 


Dale. 

Transit. 

wt. 

Long. 

Description. 

Fig, 

888. 

h m 

mui 

0 


201 

rie 30 .... 

0 30 ± 


3B-3± 

2 S I) spots. 

y 10 .... 

10 18 

■ 

41-8 

2 m plain D spots and streak. 

208 


Observations insufficient to determine the rotation-period. 
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Dark Northern Spots 0 


Tate 

Transit 

Wt 

Long 

Description 

Fig 

1888 

A.pr 6 

h m 

16 05 

2 

95 3 

2 darkenings and thickenings of 
the belts 

148 

May 13 

11 19 

1 

871 

S D spot on NTB 

174 

» 15 

12 59 

1 

88 4 

2 mD thickenings of belts and 
D streak nearly to pole 

177 

,, 20 

12 02 

1 

85 9 ' 

2 slight darkenings and thicken- 
ings of belts 

179 

„ 25 

11 01 

2 

810 

2 S mD spots, the streak betw 
being quite D. 

184 

June 1 

11 48 

3 

82 6 

2 rather S mD spots connected 
by D shading 

190 

» n 

10 03 5 

1 

82 6 

S mD spot on J?^TB, companion 
on belt north suspected 

194 

„ 16 . 

9 13 

1 

83 7 

2 S delicate D spots with D 
shading between 

197 

„ 30 

10 46 

2 

842 

2 S mD spots with mD streak 

201 


E=9^ 55® 35® 2 (205 rot ) Tliese were two swellings or thickenings of 
the two belts rather than spots properly so called On May 15 the dusky 
streak through them seemed to extend almost to the north limb of the 
planet. The following are the residuals gwen by the above period — 


Tate 

0-0 

Tate 

0-0 

1888 

m 

1888 

m 

Apr 6 

-1-52 

June 1 

-44 

May 13 

-03 

» 11 

-1 6 

„ 15 

+2 3 

„ 16 

+ 17 

„ 20 
„ 25 . 

-0 7 
-78 

„ 30 

+ 55 


The mean error of an observation is ± 3® 3, hut the motion of the spot, 
or spots, was clearly not uniform, and the residuals might be largely reduced 
by adoptmg a rotation-period varying slightly with the time 
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DarJe NortTiem Sjpots A. 


Bate. 

TraasitL 


mm 

Besoription. 

Fig. 

1888. 

May 11 

h m 

10 29 

2 

ni-i 

S mD spot on NTB with comp. 

171 

„ 15.... 

13 49 

n 

118‘6: 

spot n. 

2 rather S delicate spots. 

177 

„ 20.... 

12 61 


115-5 

The northernmost spot not seen. 
2 S mD spots joined by F shade. 

179 

June 16 

10 02 

2 

113-3 

197 


E=9»^ 55*“ 36--2 (87 rot.). 


DarJs Northern Sjpots lEl^ 


Bate. 

Transit. 

Wt. 

Long, 

Besoription. 

Fig. 

1888. 

h m 





May 21 .... 

10 60± 

■ 

192-8 ± 

A D and well def thickening 
of the NTB. 

180 

„ 23 .... 

12 27 


192-2 

Time very approximate. 

182 

Aug. 23 

8 33 

■ 

193-8 

2 V delicate S spots. 

211 


Ess O'* 55“ 41®*2 (227 rot.). The spots were also seen on June 14, so 
that, taking all things into consideration, there does not seem to be any 
probability of a mis-identidcation. 


DarJc Northern Spots II. 


Bats. 

Transit. 

Wt. 

Long. 

Besoription. 

Fig. 


h m 


0 

Bather S mD spot on NTB. 




2 

232-7 

186 


11 47 

2 

231-9 

Bather 8 E spot on NTB, spot 
farther n not seen. 

191 


11 35 

1 

228-9 

Both spots seen indistinctly. 

196 


9 61-5 

2 

232-8 

Spot on NTB only seen certainly. 

203 


9 27 

2 

220-9 

2 pretty plain rather 8 spots, 
with a plain streak. 

207 


EssG" 65“ S6**2 (128 rot.). The last observation differs considerably 
from the rest, perhaps owing to the two spots having been observed as 
one mass, the other observations referring to the plainer spot on the 
NTB alone. 
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Dark Northern Sjpots S 


Date 

Transit 

Wt 

Long 1 

Description 

Fig 

1888 

May 14 

h m 

11 48 

3 

255 0 

S D spot on NTB with a smaller 

176 

„ 21 

12 32 

1 

254 5 

spot on the belt n 
r dehcate spot on NTB, with 

181 

„ 24 

10 01 

2 ' 

254 4 ' 

companion spot n 

2 vS D spots, n spot the fainter 

183 

„ 26 

11 33 

2 

250 8 

S mD spot on NTB, a fainter 

185 

June 17 

9 41 

3 

2510 

companion spot n 

2 rather S spots 

199 

July 6 

10 25 

2 

2531 

2 S mD spots, that on the NTB 
being the plainer 

2 rather S mD spots 

203 

„ 23 

9 24 

2 

2501 

209 


E = 9^ 55”^ 37® 95 (169 rot ) Tlie following are the residuals — 


Date 

0-0 

Date 

0-0 

1888 

m 

1888 

m 

May 14 

+10 

June 17 

--1 9 

21 

+ 0 9 

July 6 

4-3 6 

„ 24 

+10 

„ 23 

-f-O 4 

„ 26 

-47 




The mean error of an observation is ±2“ 3 


Dark Northern Spots T 


Date 

Transit 

Wt 

Long 

Description 

Pig 

1888 

May 14 

h m 

12 32 

3 

2816 

A thickening and darkening of 

176 

» 21 

13 12 

2 

278 6 

the NTB 

mD spot on NTB, fainter spot n 

181 

June 17 

10 37 

2 

284 9 

E and delicate Perhaps 3 spots 

199 

„ 22 

9 42 

2 

283 2 

A distinct spot on NTB 

200 

Aug 31 

7 49 

1 

288 0 

Spot on NTB plainly glimpsed 

213 


E = 9^ 55“ 43® 3 (263 rot ) Besides the chief spot on the NTB fainter 
companion spots were seen more or less distinctly on the two nairow belts 
farther north The dark streak through the spots to the NEB was visible 
for months 
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Baric Northern Sjpots 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Kg 

1888. 

h m 





May 12 .... 

11 15 

2 

294-3 

A delicate darkening and thick- 
ening^of the NTB- 

175 

„ 24.... 

11 20 

1 

302-1 

2 S mD spots joined by S' D 
shading. 

m 

„ 31.... 

11 43 

2 

[288-7] 

P spot on NTB*. 

181 

June 10 ... . 

10 16-5 

2 

299-5 

S F V delicate spot on NTB. 

19: 

„ 17.... 

11 02 

8 

300-0 

Pretty plain spot on NTB, 

2 others suspected. 

191 


B=s9*' 66® 41*-6 (87 rot.). The spot was also seen plainly on July 16, 
with the companion spot north of the chief spot. On June 17 a third spot 
was suspected stUl farther to the north. 


Bark Northern Sjpots 


Date. 

Transit. 

'■ Wt. 

Long. 

Description. 

Fij 

1888. 

May 10 .... 

h m 

10 28 

1 

32 I -1 

Not weU seen. 

171 

„ 14 ... . 

13 49 

3 

328-2 

S vF spot on NTB. 

17( 

„ 24 ... . 

12 08 

1 

381-1 

2 S delicate spots with F streak. 

18i 

June 10 .... 

11 07-5 

1 

330-9 

2 spots faintly glimpsed. 

19i 


Bi=:9** 56® 46®*8 (76 rot.). The dark streak running through the two 
spots was in, this case considerably inclined to the meridian. 


Sttmmaet op Noetheeit Spots. 


Spot. 

Eot.-Per. 

No. of Bot. 

No. of Obs. 

Dark Spots r 

h m 8 

9 56 40-7 

101 

12 

Dark Spots A 

Dark Spots 0 

9 55 35-2 

206 

2 

9 

Dark Spots A 

9 55 36-2 

87 

4 

Dark Spots jS? 

9 55 41-2 

227 

3 

Dark Spots n 

9 55 36-2 

128 

6 

Dark Spots S 

9 65 37 96 

169 

7 

Dark Spots Y 

9 55 43-8 

263 

5 

Dark Spots * 

9 65 41-6 

87 

6 

Dark Spots ^ 

9 55 46-8 

76 

4 


Mhan Eotatioit-Pbeioi) op N’oethbeit Spots= 9'* 66® 39**43 (9 spots). 

* It is doubtful whether this obeerTation does not belong to the preceding spot Y 
rather than to 
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Following tlie principle already laid down, that the number of spots is 
more important than the exactness of an individual result, the above 
determinations were given equal weight m forming the mean, excepting 
the last two results, which were given half weight 

(ii ) The IS’oBTH Teopioal Spots 

The general appearance of the North Tropical zone, and the northern 
part of the North Equatorial belt, in 1888 was almost exactly similar to 
what it was m 1887, and calls for little in the way of remark As in 1887, 
there were numerous dark but more or less mdefinite and irregular masses 
on the north side of the North Equatorial belt, projecting northwards into 
the bright North Tropical zone Whilst in the latter zone, and on the 
north edge of the No-rth Equatorial belt, were many brilliant white 
spots, frequently indenting or apparently penetrating into the dark belt , 
but, excepting where sharply bounded by this belt, these spots also w^ere 
generally indefinite and irregular -xt 

The appearance of the Noith Tropical zone (and north part of theJNorth 
Equatorial belt) above described is, however, extremely interesting in one 
respect, namely, as illustrating what may be called persistence of tijpe It is 
not uncommon for a particular type of appearance to characterise certain 
regions of Jupiter for several years, and then more or less gradually or 
suddenly, as the case may be, to merge or change into a totally different 
type of appearance The North Tropical region (including here in this 
term the North Tropical zone and the northern half of the North Equa- 
torial belt) has during the last quarter of a century been a particularly good 
illustration of this persistence of type Between 1880 and 1883 the 
region was practically devoid of conspicuous markings, the north edge of 
the North Equatorial belt being comparatively straight and free from 
irregularities But after 1883 numerous conspicuous bright and dark spots 
made their appearance on the north side of the North Equatorial belt, and 
the whole region soon merged mto the type characteristic of 1887 and 
1888 This type itself, as the observations of subsequent years will show, 
in its turn changed mto types of a totally different kind One of these 
may be instanced as an example, because it will be familiar to many recent 
observers of Jupiter, namely that characterised by the appearance of oval- 
shaped detached spots, quite separated from the North Equatorial belt, 
such as the spots known by the names of the “Yiolin” spot and the 
“ G-arnet spot * 

Practically the only difference of importance in 1888, as compared with 
1887, IS that in the former year some of the peculiar dusky streaks from 
the Northern spots extended southwards across the bright North Tropical 
zone to dark spots on the north side of the North Equatorial belt 

Several of the spots seen in 1888 are certainly identical with spots 
observed in the previous year. Where the identity seems pretty certain 
these spots hear the same letter which was assigned to them in 1887 The 
identity appears to he quite certain in the case of the following spots 
C, D, I)^, L, and P, notwithstanding that a considerable change had occurred 
in the rate of motion of most of these spots 

All the observations of the North Tropical spots are shown in Chart 

^ These names, which were originally bestowed by Mr Leo Brenner, ofFussinpicolo, 
admirably describe the general appearance of the two spots in question 
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in on Plate VI., from which the general accordance of the obser- 
ions and the all-important question of correct identification will be 
)arent at a glance. 

[n discussing the results of 1887* attention was called to a very 
[larkable circumstance, namely, that on one side or hemisphere of 
piter the North Tropical markings rotated in a period nine seconds 
Lger than those on the other side or hemisphere. Thus, the nine 
)ts in longitude 45° to 160° gave a rotation-period of 56“ 32“'2, 
i the eight spots in longitude 170° to 330° one of 9^ 66“ 41“*3. 
e observations of 1888 show that the motions of the swifter-moving 
)ts received a check, so that in this year the surface material in the 
irth Tropical region all round the planet rotated at nearly the same rate, 
i mean rotation-period in 1888 being 9** 66“ 39“*92, from fifteen spots t* 


White North Trojpical Sjpot C. 


8. 

Transit. 

Wt. 

liOng. 

Description. 

Fig. 

.... 


3 

ll-7 

mL, vB, conspicuous. 

141 


14 56 

1 

21-8 

B, well def, oval. 

143 

.... 

16 33 

3 

21-2 

mL, vB, well def, oval. 

144 

.... 

13 63-5 

4 

16-8 

mL, vB, well def, conspicuous. 

147 

.... 

14 41-7 

4 

17-6 

mL, eB, well def, oval. 

162 

.... 

15 27 

6 

17-7 

eB, nearly E, well def, est li" in 
diam. 

166 

\ .... 


3 


mL, nearly E, well def, vB, like 
a satellite. 

166 

) .... 

11 67 

4 

18'9 

vB, nearly E, v conspicuous, ylsh. 

170 

.... 

13 30 

8 

15*9 

Eather S, vB, well def, nearly E, 
B extension p. 

Eather S, nearly E, yB, disc-like. 

173 

i .... 

15 09 

3 

16-5 

176 

5 . . . . 

11 11 

2 

23-1 

Eather S, B, nearly E. 

177 

) .... 

14 17-6 

3 


Eather 8, nearly E, eB. 

178 

} .... 

10 10-5 

3 

18-6 

vB, nearly E, bright region p. 

179 

i .... 

13 25 

1 

17-6 

Eather 8, vB, well def, oval. . 

183 



3 


Eather 8, vB, oval, ill def bright- 
ness p. 

186 



4 

16-3 

mL, eB, nearly E, disc-like. 

190 


^^9 

2 

16-8 

mL, vB, scattered brightness 
around. 

192 


12 20-5 

2 


mL, vB, nearly E, bright region p. 

193 

3 .. .. 

9 49 

5 

14-5 

Eather 8, vB, nearly E, wdl det^ 
ylsh, bright radiations round. 

196 

2 .... 

12 13 

1 

14-4 

mL, B. 

200 

.... 

9 30 

1 

12-8 

mL, B. 

208 

2 .... 

7 46 

est 

14-6 

roL, vB, nearly E. 

210 


* Z, F, vol. i. p. 18 . It should he rememhered that in this volume the North 
'opioal spots are termed North Temperate spots, 
t See Note * on next page. 
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E=9^ 55“ 38*8 (362 rot) The following are the residuals 0 - C, 
according to the above period — 


Date 

0-0 

Date 

0-0 

1888 

m 

1888 

m 

Mar 25 

4- 06 

May 19 

+ 1 0 

Apr 1 

-h 45 

„ 20 

+ 27 

„ 3 

-4-3 7 

„ 24 

+ 16 

„ 6 

- 49 

„ 27 

-43 

„ 13 

- 15 

June 1 

-01 

„ 20 

- 08 

„ 3 

-fO 9 

May 3 

- 60 

„ 10 

-1 5 

,, 10 

+ 26 

„ 13 

— 2 2 

„ 12 

- 22 1 

„ 22 

-1 5 

u 11 

- 10 

July 19 

-22 

„ 15 

+ 10 0 

Aug 22 

+ 3 3 


The mean error of an observation is zb 7 But although a conspicu- 
ous and a comparatively well-defined object, this spot was really not 
definite enough foi very exact results In particular there was much 
diffuse brightness for a considerable distance preceding the spot proper 
Generally a more or less well-defined nucleus was visible, but it is likely 
that this nucleus was not always in the same position It vas sometimes 
described as being very definite, a briUiant disc, like a satellite when just 
entering on the planet’s disc But in poor seeing it is probable that more 
or less of the fainter bright surface around was observed with the nucleus 

This spot 0 IS undoubtedly the same as the spot of the same name 
observed in 1887 1 The longitude on June 22 of the latter year was 66° 4, 
and the rotation-period O'" 55“ 32* 6 , so that the computed longitude on 
March 25, 1888, is 12° 2 The actual observed longitude is 19° 7, the 
difference being equivalent to barely 13“ in the time of transit , and the 
spot was an extremely brilliant one in both years, so that there can be no 
doubt as to the identity of the object, notwithstanding that its rotation-period 
in 1888 was 6* 2 longer than it had been in 1887 It is probable that the 
change in the rate of motion of the spot occurred pretty suddenly shortly 
before the 25th March, 1888 

* A better example of a different rate of motion in the same latitude, but in different 
longitudes, has been described by Phillips in the M N toI lx p 214 and plate 6 
It IS mteresting to note how the swifter-moving spots apparently died out as they 
Approached the slower ones, fresh or new spots making tbeir appearance to take their place 
at the following side of the region of the swift-moving spots Another and perhaps equally 
good example of this remarkable feature occurred on the planet Saturn in 1894 (see 
M N vol Iv p 366 and plate 7) Here there were three distinct groups of Equatorial 
spots rotating at different lates, and the diJSerence of rotation-period amounted to over 
half a minute It is interesting to note how the swifter-moving spots died out, fresh or 
new ones making their appeal ance to take their places, in exactly the same manner as 
described by Phillips in 1899 in respect of the Horth Tropical spots on Jupiter 

t Z vol 1 p 21 
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The history o£ spot 0 dates back, however, much earlier.thau 1887, since 
the object was first seen on Jan. 27, 1886, by Denning at Bristol. I have 
already given a list o£ the earlier transits o£ the spot *, but the following 
three additional transits observed by Terby at Louvain t should be added to 
the list : — 


Date. 

Qt. m. t. of 
Transit. 

1885. 

Mar. 19 .... 

„ 31.... 

Apr. 19 

h m B 

7 50 18 

7 32 46 

8 11 42 


A gradual change of colour seems to have occurred in the case of this 
spot. In 1887 it was always described as white or very white, usually 
the latter. In 1888 the spot is uniformly described as white previous to 
May 10, but from and after that date the colour has always been called 
“ slightly yellowish.” 


Bark Ncrtk Tropical Spot D. 


Date. 

Transit. 

wt. 

Long. 

Description. 

Fig. 

888. 

r. 13 . . . . 

h m 

15 08 

1 

33-6 

Bather 8, D- 

152 

20 .... 

15 67 

4 

36-8 

Bather S, D, well def. 

155 

ly 3.... 

11 33 

2 

31-5 

mL, D, well def. 

166 

5 .... 

13 08 

3 

29-7 

mL, well def. 

169 

10 ... . 

12 22 

3 

34-0 

L, D, well def. 

170 

12 ... . 

13 68 

3 

32-8 

mL, D, m well def. 

173 

16 ... . 

11 27 

3 

32-8 

mL, D, well def, conspicuous. 

177 

19 ... . 

14 42-6 

4 

33-1 

L, JD, well def, conspicuous. 

L, D, well def, conspicuous. 

178 

20 ... . 

10 .32-6 

3 

81-8 

179 

25 ... . 

9 40-5 

4 

32'3 

mL, vD, well def, v conspicuous. 

184 

27 ... . 

11 21 

3 

33-9 

mL, D, well def. 
mL, vD, V well def. 

186 

ae 1 . . . . 

10 25-5 

4 

32-3 

190 

3 .... 

11 59-6 

2 

29*8 

mL, not vD, m well def. 

192 

10 ... . 

12 48-6 

1 

32-0 

mL, D, m well def. 

193 

13 ... . 

10 19 

2 

32-6 

mL, D, well def. 

195 

30 .... 

9 25 

3 

36-2 

mL, D, well def. 

201 

ly 18 .... 

10 16dz 

, , 

40-1- 

mL, mD, m well def. 

208 

ig. 22 , , . . 

8 13 

2 

31-5 

1 

mL, mD, not v distinct. 

2L0 


^ Z. F. vol. i. p. 23. 

t See Terby*s Memoir on Jupiter, pp. 36-37. 
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ZEl^’OGRAPHIOAI; ERAGM1I7TS 


E = 9^^ 55^ 40® 9 (316 rot ) The following are the residuals, — 


Date 

0-C 

Date 

0-0 

1888 

m 

1888 

m 

Apr 13 

H-19 

May 25 

-0 4 

„ 20 

+ 57 

,, 27 

+ 02 

May 3 

-16 

June 1 

-0 6 

)) 5 

-45 

„ 3 

-4 7 

„ 10 

-t-24 

» 10 

-12 

» 12 

+ 0 5 

„ 13 

-0 1 

„ 15 

+ 03 

„ 30 

+ 40 

19 

+ 09 

Aug 22 

-2 6 

„ 20 

-13 




the mean error of an observation being ±2^1 This was a conspicuous 
and comparatively a well-dehned spot, which projected considerably north 
of the NEB into the N Tropical zone Erom its position just following 
the conspicuous spot C, this spot D is evidently identical with the spot of 
the same name observed m 1887 but it had become a much moie 
promment object Its motion, like that of 0, had also become slower 


White North Tropical Spot 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

h 

m 





Apr 

20 

16 

17± 


48°-h 

B, m well def, not vL 

155 


26 

11 

05 

2 

41 8 

B, m def 

156 

May 

3 

11 

51 

3 

42 4 

Eather S, mB, m well def 

166 


5 

13 

30 5 

2 

43 3 

Eather S, mB, m well def 

169 


10 

12 

47 

2 

491 

mL, B, m well def 

170 


13 

10 

08 

2 

44 2 

Eather S, B, well def, nearly E 

174 

35 

15 

11 

57 

2 

50 9 

mL, B, m well def 

177 

>5 

20 

10 

57 

1 

46 6 

S, F, not well def 

179 

55 

25 

10 

04 

3 

46 5 

Eather S, B, m well def 

184 

J5 

27 

11 

40 

2 

45 4 

Eather S, mB, not well def. 

186 

June 

. 1 

10 

48 5 

4 

46 2 

S, B, m well def, rather wh. 

190 

39 

3 

12 

30 

3 

48 2 

S, B, m well def 

192 

July 

19 

10 

33 

1 

50 9 

mL, mB, m well def, wh 

208 

Aug 

22 

8 

32 

1 

43 0 

mL, mB, m well def, wh 

210 


* Z F vol 1 p 24 
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E=9*^ 66“ 41®’7 (286 rot.). The residuals are : — 


Date. 

0-0. 

Date. 

0-0. 

1888. 

m 

1888. 

m 

Apr, 26 

-6-6 

May 25 

+1-1 

May 3 

-4-9 

„ 27 

-0*9 

„ 5 

-3-4 

June 1 

+ 0-1 
+ 3-4 

„ 10 

+6-9 

„ 3 

„ 13 

-2-3 

July 19 

-h6-8 

« 16 

+8-7 

Aug. 22 

-8-6 

„ 20 

+ 1-3 



The mean error of an observation is here large, being ±3“-6, but the 
spot was not very conspicuous nor very definite. There is no doubt as to 
its being identicaJ with the spot of the same name observed in 1887 as it 
occupies nearly the same position relative to 0 and D that it did in the last- 
mentioned year. Moreover, the computed position of the spot of 1887 on 
the 26th April, 1888, is 46®, which differs by only 4® from the observed 
lon^tude on that date. But, like the preceding spots 0 and B, its motion 
received a check, the rotation-period in 1887 having been 9*^ 66“ 34®*1, or 
7"*6 shorter than it was in 1888. 


White North Trojpical Sjpot B. 


Date. 

Transit. 

wt. 

Long. 

Description. 

Fig. 

88. 

1 .... 

b m 

10 43 

2 

60-4 

Eather S, rather E, badly def. 

161 

16 ... . 

12 22 

1 

66-0 

S, E, inconspicuous. 

177 

20 ... . 

11 28 

2 

66-3 

S, not B, badly def. 

179 

30 .... 

9 36 


61-6 

Itether S, B, not well def. 

187 

e 1 . . . . 

11 18 


64-0 

S, nearly E, B, m well def. 

ieE] 

3 .... 

12 69-6 


66-1 

mL, mB, def confused. 

192 

11 .... 

9 38-6 


67*6 

S, E, not well def. 

194 

30 ... . 

10 22 

■ 

69-7 

S, vE, ill def. 

201 


Es=9^ 66“ 47**0 (146 rot.). TJsualJy a faint and inconspicuous spot, 
which is probably identical with the spot of the same name observed in 
1887 1, thougli the identity cannot be regarded as certain. 

* Z, F, vol. 1 - p. 24. 

t Ibid, p. 26. 
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ZENOGRA.miOA.L FRAGMENTS 


Baric North Tropical S^ot G- 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

Mar 1 

h m 

16 40 

1 

104 6 

A dark projection n of belt 

139 

Api 4 

U 07 

2 

83 2 

m plam, D, projection 

145 

„ 26 

12 22 

1 

88 3 

Not D nor well def 

156 

May 1 

11 21 

2 

83 4 

mL, not def 

161 

„ 3 

13 07 

3 

88 3 

mL, not vD, an ill-def bulge 

166 

„ 5 

14 31 

2 

79 9 

Eather L, mD, m well def 

169 

„ 13 

11 22 

1 

88 9 

mL, D, well def 

174 

„ 15 

12 59 

1 

88 4 

mL, D, well def 

177 

„ 20 

11 58 

2 

83 5 

Eather L, D, not well def 

179 

„ 25 

11 05 

2 

83 4 

mL, D, m well def 

184 

June 1 

11 42 

2 

78 5 

mL, mD, m well def 

190 

„ 11 

10 05 5 

2 

83 8 

mL, mD, m well def 

194 

„ 16 

9 11 

1 

82 5 

mL, mD, m well def 

197 

„ 30 

10 50 

1 

86 6 

mL, mD, m well def 

201 


55“ 39® 1 (210 rot) A moderately plain spot, possibly identical 
with the spot of the same name observed in 1887 * The first observation 
of March 1 is very discoidant, but it is interesting, since it tends to 
indicate that the check in the motion of the spot, assuming it to be leally 
identical with that observed in 1887, only occurred subsequently to the 
date o£ this observation, and probably about the end of March On April 4 
the spot was noted as being more conspicuous half an hour before it was 
in mid-transit than it was at the time of that event 


White North Tropical Spot H 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

Apr 4 

h m 

14 33 

3 

98 9 

mL, B, wh 

145 

„ 6 

16 15 

3 

1014 

L, B, well def 

148 

„ 26 

12 48 

4 

104 0 

L, vB, V wh, well def 

156 

May 1 

11 55 

2 

104 0 

Eather S, B, m well def 

161 

3 

13 31 

3 

102 8 

Eather S, rather F, not well def 

166 

J5 ^ 

15 12 

3 

104 7 

mL, B, well def 

169 

„ 10 

14 20 

3 

105 3 

mL, vB, well def 

170 

„ 11 

10 13 

4 

106 4 

L, vB, a nearly E nucleus of 

171 

15 

13 29 

3 

106 5 

greater bnghtness 
mL, B, well def 

177 

„ 20 

12 35 

3 

105 8 

mL, B, rather well def, wh 

179 

,, 23 

10 03 

3 

105 2 

mL, B, well def 

182 

„ 25 

11 33 

4 

100 3 

mL, vB, well def 

184 

June 16 

9 43 

1 

1018 

Eather S, mB, ill def 

197 

Aug 25 

7 40 5 

2 

102 2 

mL, B, m well def, except E & W 

212 


^ vol 1 p 27 





OBSERVATIONS OE INDIVIDUAL SPOTS. 


33 


E=9** 55“ 40"*8 (345 rot.). The followiDg are thjB residuals ; — 


Date. 

O 

1 

o 

Date. 

0 

1 

a 

1888. 

m 

1888. 

m 

Apr. 4 

-7-2 

May 11 

+ 4:-8 

„ 6 

-3-2 

15 

+4'9 

26 

-|- 1*0 


+3-8 

May 1 


„ 23 

+2-7 

„ 3 

—1*1 

„ 25 

-5-3 

—3*2 

„ 5 



+2-0 

4-3-0 

^nnft 16 

„ 10 

Aug. 25 

-2-9 


The mean error of an observation is ± 3“*3, but it is evident from the 
residuals that the motion of the spot was not uniform, and that a much 
better agreement could be obtained by the adoption of a rotation-period 
chan^g slightly with the time. The spot was a rather conspicuous one, 
and it is probably identical with the spot of the same name observed in 
1887*, though, as in the case of the previous spots, with a change in its 
period of rotation. 


Dark North Tropical Sjpot Q. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

88. 

. 4 .... 

h m 

16 14 

2 

121-7 

Eather S, not vD. 

145 

3 .... 

13 64 

2 

116-7 

L, not vD, not well def. 

166 


14 40 

2 

117-4 

mL, D, m well def. 

170 

11 .... 

10 32 

3 

117-9 

mL, D, m well def. 

171 

15 ... . 

13 49 

2 

118-6 

mL, I), well def. 

177 

20 ... . 

12 54 

2 

117-3 

Bather S, L, m well def, pro- 
jecting acutely n of belt. 

179 

23 ... . 

10 28 

3 

^120-3 

mL, D, well def, projecting 
rather acutely- 

182 


E=9*^ 55“ 34"*4 (118 rot.). An inconspicuous spot. 


1 ) 


* Z, F. vol. i. p. 29. 
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ZEXOGRA-PHIOAL PEAGMINTS 


White North Tropical Spot B- 


Date 

Transit 

wt 

Long 

Description 

Fig 

1888 

Apr 4 
„ 29 

May 1 
,, 3 

,, 11 
» 20 
„ 23 

h m 

15 31 

11 05 7 

12 46 

14 17 

10 52 

13 14 

10 47 

2 

2 

1 

2 

3 

1 

1 

134 0 

133 3 

134 8 

130 6 

130 0 

129 4 
1318 

Bather S, B, not well def 
mB, much cloud 
mB, but shadow of I hinders 
mL, mB, m well def 

Bather S, not vB, not well def 
mL, B, well def, conspicuous 

S, mB, m well def 

145 

157 

161 

166 

171 

179 

182 


55“^ 36« 8 (118 rot ). 


White North Tropical Spot S. 


Date 

Transit 

W" 

Long 

Description 

Fig 

1888 

Apr 4 
, 26 

h m 

16 24 

2 

166 0 

mL, B, m well def 

145 

14 33 

1 

167 5 

mL, B, well def 

156 

. 29 

12 03 7 

2 

168 4 

mB, m well def 

158 

June 14 

9 47 

2 

163 6 

mL, mB, not v well def 

. 

196 


55“ 37® 7 (171 rot) This spot, together with the next spot T, 
may be identical with the spot K of 1887 this latter haying been a very 
much elongated spot, or perhaps it should be better described as a short 
streak rather than a spot. 


White North Tropical Spot T 


Date 

Transit 

Wt 

Long 

Description 

Fig. 

1888 

May 11 

h m 

12 15 

1 

1801 

mL, B, m well def 

171 

„ 21 

10 29 5 

? 

180 4 

mL, vE, well def, v conspicuous 

180 

„ 23 

12 10 

2 

1819 

mL, B, m well def 

- - 

182 


Brz.9^ 55”^ 44* 4 (29 rot ) As already mentioned, this spot together with 
the preceding spot S may be identical with the long spot K of 1887 


* Z F yol 1 p 31 
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Baric North Tropical Spot K^. 


Date. 

Transit. 

Wfc. 

Long. 

.888. 

h m 



ay 11 

12 39 

3 

194-6 

21 .... 

10 50 

est 

192-8 

, 23 .... 

12 25 



ne 2 

10 50 

3 

197-5 

„ 14 .... 

10 43 

2 

197-5 

ig.23 .... 

8 38 

1 

196-8 


Description. 

Pig. 

mL, vD, well def. 

171 

mL, mD, not v well def. 

181) 

mL, Dj well def, rough obs. 

182 

mL, D, m well def. 

191 

mL, mD, m well def. 

196 

S, P. 

211 


R=9** 56“ 40*'7 (251 rot.). This spot is probably identical with the 
spot of the same name observed in 1887 


White North Tropical Spot U. 


Date. 

Transit. 

wt. 

Long. 

Description. 

Kg. 

888. 

ar. 21 

h m 

16 36 

est 

228'’-4 

Bather S, B, well def, v wh, 

140 

jr. 5 . . . . 

13 53 

2 

225-2 

indenting belt. 
m'L, vB, Well def. 

146 

ay 1 . . . . 

14 40 

4 

203-7 

mL, vB, well def, conspicuous. 

162 

, 11 .... 

13 03-5 

3 

209-4 

raL, B, not well def. 

172 

, 26 .... 

10 22 

1 

207-9 

inL, B, not well def. 

185 

me 2 .... 

11 16 

2 

212-6 

mL, B, m well def. 
mL, B, m well def. 

191 

„ 14 .... 

11 07 

1 

212-0 

196 

ly 6 .... 

9 26-5 

2 

217-7 

S, mB, not well def. 

203 


11=9*^ 65“ 42“‘5 (268 rot.). The first two observations differ widely 
from the later ones, but they pretty certainly refer to the same spot, which 
was rather indefinite, although bright and conspicuous. 


d2 


* Z. F, vol. i. p. 32. 
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ZENOGEAPHIOAL FRAGMEIS’TS 


Bark North Tropical Spot W 


Date 

Transit 

Wt 

Long 

Description 

iig 

1888 

Mar 21 

h m 

16 56 

2 

240 5 

inD, m well def 

140 

Apr 5 

14 15 

3 

238 5 

L, mD, m well def, projecting n 

146 

May 1 

[15 05] 

3 

[218 8] 

L, vD, V well def, v prominent 

162 

T> 11 

13 40 ' 

2 

2315 

mL, mD, m well def 

172 

„ 26 

11 03 

1 

232 7 

Eather S, E, poorly def 

185 

June 2 

11 51 

2 

234 3 

mL, rather E, not v def 

191 

„ 14 

11 40 

2 

2319 

mL, mD, m well def 

196 

July 6 

10 00 

3 

238 0 

mL, D, well def 

203 

„ 18 

9 37 

est 

226 9 

mL, mD, m well def 

207 


55^ 38^ 0 (287 rot ) 


White North Tropical Spot T 

Tkis spot was seen and drawn on May 14 and 21 and July 18, but 
tbe transit was only observed on May 21, namely at 12^ 15“, wt :^1, 
Long iz:244° 2 

White North Tropical Spot L 


Date 

Transit 

wt 

Long 

Description 

Fig 

1888 

Apr 20 . 

h m 

12 29 

4 

2701 

L, eB, m well def, wh 

153 

» 29 . 

14 57 7 

2 

273 6 

vL, vB, not v well def 

159 

„ 30 

10 45 

1 

2713 

Apparently B, but much cloud 

160 

May 21 

12 52 

2 

266 6 

mL, B, m well def 

181 

„ 24 

10 17 

3 

264 0 

mL, B, well def, wb 

183 

„ 31 

11 15 

2 

2718 

Eather L, mB, ill def 

188 

June 17 

10 05 

2 

265 5 

Eather 8, mB, m well def 

199 

„ 22 

9 13 

3 

265 7 

mL, B, m well def 

200 

July 6 

10 40 

1 

2621 

mL, mB, m well def, wh 

203 

1 » 23 

9 39 

3 

2591 

mL, B, well def, v wh, nearly E 

209 


55**^ 35^ 3 (227 rot ) The residuals are — 


1 Date 

0-0 

Date 

0-0 

1888 

m 

1888 

m 

Apr 20 

-3 7 

May 31 

+ 7 8 

„ 29 

+ 39 

June 17 

+ 1 1 

„ 30 

+ 03 

„ 22 

+ 2 0 

May 21 

-30 

July 6 

-04 

,, 24 

-6 6 

„ 23 

-1 8 
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the mean error of an observation being ±3“-l. This spot is undoubtedly 
identical with the spot of the same name observed in 1887 *, although the 
position does not accord exactly. Thus, we find the spot on April 20, 1888, 
in nearly the same longitude that it was in at the end of June 1887, 
although using the rotation-period derived from the observations of that 
year it should have been some 15° preceding that position. Again, calcu- 
lating* backwards with the period derived from the present series of 
observations, we get a position considerably following the observed place of 
L in 1887. These differences are probably due to real slight variations in 
the motion of the spot, for it wiU be noticed that there are indications o£ 
such variations in the observations of 1888. The great brilliancy, however, 
of the spot in 1887, and again in the early part of 1888, seems to render 
the identification certain. Moreover there is no other spot observed in 
1888 that could well be identified with the spot L of 1887. Although the 
spot was a very prominent one in April 1888, yet it became distinctly less 
conspicuous later on. It was characterised by a very white aspect, as 
indeed it had been in the previous year. 


Dark North Tropical Spot Z. 




Wt. 

Long. 

Lesoription. 

Fig. 

1888. 

one 22 .... 

h m 

9 40 

2 

281-0 

Bather S, mD, m well def. 


Lug. 31 

7 53 

1 

290-4 

mL, vD, well def. 

213 


In addition to the above two observations the spot was seen and drawn 
on May 21 and June 17. 


White North Tropical Spot A^. 


Date. 

Tzansit. 

Wt. 

Long. 

Desoription. 

Fig. 

1888. 

day 2 

h m 

12 48 

2 

286-4 

Bather S, B, well def, nearly E. 

165 

,/ 4.... 

14 24 


285-2 

mL, B, m well def, wh. 

168 

;; 12 ... . 



284-3 

inL, B, m well def, conspicuous. 

173 

„ 14 ... . 

12 37 


284-6 

mL, mB, not well def, ragged on 

176 

„ 21 ... . 

13 26 

2 

287-1 

edges. 

Bather S, B, well def. 

181 

„ 24 ... . 



.284-0 

Bather S, B, m well def. 

183 

.. 31 ... . 

11 32 


282-1 

Not L, B, m well def. 

188 


10 05-5 


293-5 

S, mB, m well def, nearly E. 

193 

„ 17 ... . 

10 66 


296-4 

Bather S, mB, m well def. 

199 

;; 22 ... . 

10 06 

3 

297-7 

mL, mB, m well def. 
mL,vB, well def , v wh, nearly E. 


Fuly 16 . . . . 

9 43-3 

2 

290-3 


„ 23.... 

10 38 

2 

294-8 

mL, mB, m well def. 

■ 


Z. F. vol. i. p. 32. 












3S ZEivOGHA-PniCAL TEAGMEOTS 

55“ 44® 9 (198 rot ) The observations of this spot are very dis- 
cordant This would seem to be due to real changes m position or 
appearance of the spot, perhaps to both There can hardly be any mistake 
in identification But see the notes to the next spot 


Baric North Tropical ISpoi 


Bate 

Transit 

Wfc 

Long 

Besciiption 

Fig 

1888 

Apr 20 

h m 

13 02 

2 

2901 

111 def darkening and thickening 
of the belt 

154 

» 29 

15 24 7 

3 

289 9 

S, mD, not well def 

159 

May 21 

13 42 

3 

296 8 

mL, vD, m well def 

181 

» 24 

11 03 

3 

291 8 

mL, D, well def 

183 

„ 31 

11 53 

2 

294 8 

mL, mD, not well def 

188 


Erz9^ 55“ 47® 0 (99 rot ) The observations ot the three spots Z, A^, 
and are so entangled that it is difficult to be quite certain on the subject 
of identification It has therefore been thought best not to use the 
rotation-periods found for the last two spots in forming the mean period 
for the North Tropical spots However, it seems probable that the 
identifications are correct, though there were evidently some changes 
going on m this legion of the planet The widening of the distance 
between the two white spots L and after May 31, with the subsequent 
appearance of an apparently new dark spot, Z, in between, recalls a featuie 
very commonly occurring with the equatorial spots On the other hand, it 
IS not impossible that the dark spot Z mav have been really identical with 
B^, or at any rate that the observation of Aug 31 refers to the latter spot 

White North T‘> opical Spot P 


Bate 

Transit 

Wt 

Long 

- Bescnption 

Fig 

1888 

h 

m 





Apr 

3 

15 

00 

1 

325 0 

Bather S, B, well def, v wh 

144 


6 

12 

29 

2 

324 8 

mL, B 

147 


13 

13 

17 

2 

326 4 

mL, mB, m well def 

151 


20 

14 

05 

2 

328 2 

mL, B, well def 

155 

May 

2 

14 

10 

1 

336 0 

mL, mB, m v ell def 

165 

5T 

10 

10 

35 

2 

329 3 

mL, B, m w ell def 

170 

?? 

12 

12 

10 

2 

327 5 

Not vL, B, well def 

173 


14 

13 

52 

3 

330 0 

mL, B, m well def 

176 

? ? 

21 

14 

36 

1 

329 4 

mL, B, well def 

181 


24 

12 

10 

1 

332 3 

mL, B, well def 

183 

June 

10 

11 

115 

3 

333 4 

Bather S, vB, nearly B 

193 


22 

10 

59 

2 

329 7 

mL, B, m well def 

200 

July 

16 

10 

52 

1 

1 

3318 

niL, B, m w^ell def 

206 
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E=9^ 55“ 43®*6 (251 rot.). The residuals are • 


Date. 

0-C. 

Date. 

0-0. 

1888. 

m 

1888. 

m 

Apr. 3 

- 1-7 

May 14 

+1-6 

„ 6 

— 2-3 

21 

— OT 

;; 13 

- 0-6 

24 

+4-4 

„ 20 

+ 1-6 
[+12-9] 

June 10 

+4-0 

-3-6 

May 2 

„ 22 

„ 10 

12 

+ 1-0 
- 2-1 

July 16 

-2-8 


the mean error of an observation being ±2“’2, omitting that of May 2, 
This spot is undoubtedly identical with the one of the same name observed 
in 1887*. Only two transit observations were obtained in 1887, and 
these make the longitude in April and May of that year 331^'5 ; and tbis is 
practically what it was in 1888, though calculating backwards to 1887 with 
the period of 1888 we get a position somewhat preceding that observed. 
The motion of the spot in 1888 was evidently, however, not perfectly 
uniform, as the residuals indicate that the observations would be better 
satisfied by a rotation-period decreasing slightly in length with the. time, so 
that too much stress must not be placed upon this circumstance, and there 
is no other white spot near, observed in 1887, that could be well identified 
with it, excepting, perhaps, spot A, when it would be necessary, however, 
to assume an analogous change but of even greater ‘amount. 


DarX: JNorih Tropical Spot Oj^- 


Date. 

Transit. 

Wt. 

Long. 

Description, 

Kg. 

1888. 

h m 


Q 



une 1 . . . . 

9 34 

2 

361-1 

mL, P. 

190 

„ 13.... 

9 15 

1 

363-9 

L, slight bulge and darkening of 
the belt, v indefinite. 

196 


Nothing definite can be concluded from these two apparently not 
accordant observations. 


* Z.. Jfl voLi. p. 37.., 
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SUMMABY OP NoETH TkOPIOAB SpOTS 


Spot 

Hot -Per 

No of 

Kot 

No of 

Obs 


h m 8 



"White Spot C 

9 65 38 8 

362 

22 

Dark Spot D 

9 55 40 9 

316 

17 

White Spot D, 

9 55 41 7 

285 

13 

White Spot E 

9 55 470 

145 

8 

Dark Spot G 

9 55 39 1 

210 

14 

White Spot H 

9 55 40 8 

345 

14 

Dark Spot Q 

9 55 344 

118 

7 

White Spot E 

9 55 36 8 

118 

7 

White Spot S 

9 55 37 7 

171 

4 

White Spot T 

9 55 44 4 

29 

3 

Daik Spot 

9 55 40 7 

251 

6 

White Spot U 

9 55 42 5 

258 

8 

Dark Spot W 

9 65 38 0 

287 

9 

White Spot T 



1 

White Spot L 

9 55 35 3 

227 

10 

Dark Spot Z 



2 

White Spot Ag 

[9 55 44 9] 

198 

12 

Dark Spot 

[9 55 47 OJ 

99 

5 

WTiite Spot P 

9 55 43 6 

244 

13 

Dark Spot 0^ 



2 


Meab; Eotation-Peeiod op I^obth Teopioal Spots=9^ 55 ^ 39® 92 
(15 spots) 

Spots P, E, and S were given half weight m forming the above mean 
result , spot Q | weight ; and spot T | weight 

(m ) The Noeth Equatobial Spots. 

In 1887 a number of dark spots were visible on the south edge of the 
North Equatorial belt, but only five of them were sufficiently well observed 
to enable their periods of rotation to be derived No distinct white spots 
were noticed in this year, although several were seen by Ter by at Louvain, 
and are shown in the drawings of his Third Memoir on Jupiter Eut in 
1888 not only were many more of the dark projecting spots observed, but 
also many white spots , 27 spots altogether, both white and dark, being well 
enough observed to give satisfactoiy determinations of rotation-period 

Although some of the dark spots underw^ent considerable changes, yet 
their general aspect was very similar That is they appeared as rather 
small, dark, sometimes almost black-looking projections extending in a 
south preceding direction into the bright Equatorial zone In many cases, 
particularly in the earlier part of the apparition, fainter extensions of these 
projecting spots, in the torm of dusky streaks or wisps, continued m a 
south preceding direction right across the Equatorial zone to dark spots on 
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the not th side of the South Equatorial belt. Also, especially in the later 
part of the apparition, in many cases broader and dsxkeT streaks extended 
in a southerly direction across the Equatorial zone to other dark spots on 
the north edge of the South Equatorial belt. The general arrangement of 
the dark spots and wisps will be easily gathered from Plate I. 

Prom observations made under more fayourable conditions in later years 
we can now surmise that almost invariably just preceding these little dark 
projecting spots there was a bright rift or channel breaking into the dark 
material of the North Equatorial belt. Owing to the low altitude of 
Jupiter, and the consequently unfavourable circumstances, none of these 
bright rifts were actually observed distinctly in 1888, but several of them 
were detected by Terby in the previous apparition of 1887, and are 
represented in the drawings reproduced in his Third Memoir, 

The white spots consisted of rather small and more or less irregular or 
indefinite, but often brilliant white spots on the south edge of the North 
Equatorid belt. Some of them, occupying a position just preceding the 
dark projecting spots, were probably connected more or less intimately 
with the bright rifts before alluded to. In some cases fainter white 
material appeared to extend in a southerly direction across the Equatorial 
zone, and to join these white spots to white South Equatorial spots. Several 
similar white streaks had been observed in the preceding year, although the 
white North Equatorial spots, as already mentioned, were not then noticed. 

All the observations of the North Equatorial spots have been laid down 
on the Spot Chart forming Plate VII., to which reference should be made 
with respect to the general question of identification. This Chart will 
also show the accordance of the observations and the changes in position, 
or motion, of the individual spots. These last-mentioned changes were 
sometimes very considerable, but the observations are so numerous and 
so well distributed, that there cannot be any doubt, I think, as to the 
general correctness of the identifications. In the cases of the spots 23, 
23 a, 24 and 24 a, there may, indeed, be a certain amount of doubt. Also 
it may be doubted perhaps whether the last observations attributed to spots 
10 and 11 really rdate to these spots. It is quite possible here that the 
old spots may have died out, and that the last observations refer to new 
spots, which had made their appearance in nearly though not quite the same 
longitudes. But what is perfectly certain is that an occasional mie- 
identification of this kind can have little or no practical influence on the 
accuracy of the final or mean result. For where there are so many as 20 
or 30 spots, it is found in practice that a mis-identificatlon in the case of 
one spot is almost invariably corrected or counterbalanced by a mis- 
identification in the opposite direction in the case of an adjoining spot, so 
that the final mean result is but little afiPected. Moreover, two or three 
partially incorrect results would have but little influence on a mean value 
derived from 20 or 30 spots. It may therefore be safely concluded that 
the mean rotation-period derived from the present series of observations 
does in fact represent the real average rotation-period of the surface 
material in this latitude or region of the planet. 

The changes in the positions or motions of the North Equatorial spots do 
not always synchronise exactly with similar changes in the motions of the 
South Equatorial spots in corresponding longitudes of Jupiter, as will be seen 
by comparing Plates VU. and VIII. In particular the sudden and very 
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remarkable change which occnired m the motions of nearly all the South 
Equatorial spots m May does not seem to have directly affected the North 
Equatorial spots much, excepting between longitudes 110° and 170° The 
remarkable changes m motion, size, and appearance of the dark North 
Equatorial spot 27 and the dark South Equatorial spot I will be referred 
to under the latter spot I have not attempted to identify auy of the North 
Equatorial spots observed in 1888 with those seen in the previous year, on 
account of the considerable changes that evidently occurred 

The mean rotation-period of the five North Equatorial spots observed 
in 1887 was 9^ 55^ 40" 06, which is nearly 18" longer than that of the 
South Equatorial spots in the same V63>r Tne mean rotation-period from 
the 27 spots of 1888 is 9^ 55“ 23" 88, which is slightly less than that 
derived from the South Equatorial spots 

It IS very important to bear in mind that the longitudes in this sub- 
section are invariably longitudes in System I of Marth’s Ephemeris 


White North Equatoo lal Spot 1 


Date 

Tr insit 

Wt 

Long 

Description 

Fig 

1888 

May 15 

h m 

11 15 

est 

25 5 

mL, mB, wh 

177 

June 2 

12 07 

1 

28 0 

mL, B, wh , 

191 

„ 14 

9 29 

2 

31 6 

mL, not B 

196 

„ 16 

10 31 

2 

26 0 

mL, mB, wh 

197 

„ 30 

9 10 

3 

32 6 

Bather S, neaily E. 

201 

July 18 

10 12 

1 

38 4 

mL, mB, well def 

207 


50“ 24® 00 (156 rot ) This was a moderately bright spot, joined 
to the white South Equatorial spot II by a white streak It was rather 
smaller than the latter spot 


DarTc North Equatorial Spot 2 


Date 

Transit 

■Wt 

Long 

Description 

Fig 

1888 

May 13 

h na 

10 14 

2 

31 6 

S, mD, D streak to III 

174 

20 

9 33 5 

1 

35 5 

S, E, D streak to III 

179 

„ 24 

11 57 

2 

36 6 

vS, mD, streak to III not seen 

183 

June 14 

9 38 

3 

37 1 

S, D, streak to III not seen 

196 

„ 16 

10 46 

2 

35 2 

S, D, streak to III not seen 

197 

„ 30 

9 28 

3 

43 6 

8, mD, plain D streak to III 

201 

July 18 

10 32 

1 

50 6 

S, rather E, E D streak to III 

207 

Aug 31 

7 38 

1 

619 

S, D, distinct D streak to III 

213 
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]R=:9^ 60“ 26®‘72 (268 rot.). .Excepting on May 24 and June 14 and 16, 
this spot was always seen joined to the dark South Equatorial spot III. by 
a dark streak. Notwithstanding slight shifts in the relative positions of 
the t\« o spots, the streak is always delineated as running in a straight line 
frona one spot to the other. 


Dark North Equatorial Sj>ot 3. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

1888. 

Apr. 3 

h m 

16 13 

1 

36-6 

Short streak s side of NEB, with 

144 


6 .... 

13 08 

3 

37-8 

E streak sp to III. 

S, mD, plain streak to III. 

147 

9) 

13 .... 

12 37 

2 

47*4 

Bather S, plain streak to lU. 

151 

99 

29 .... 

12 22-7 

2 

52-7 

Not vD, projecting sp. 

168 

May 

1 .... 

13 48 

3 

61-5 

v8, D, F streak to SEB f spot UI. 

162 


4 .... 

10 35 

1 

58-9 

D streak sp to SEB. 

. . 

99 

13 .... 

11 07 

1 1 

63*7 ! 

S projection with E streak to III. 

174 

99 

15 .... 

12 13 

2 

60*9 

S projection with streak to III 

177 

99 

19 ... . 

14 39-5 

3 

63-8 

S projection with streak sp to 

178 

99 

24 ... . 

12 37 

1 

61-0 

SEB. 

S projection, streak not obs. 

S, D projection, plain streak sp 

183 

99 

31 . . . . 

11 44 

3 

63-3 

188 

Juno 14 . . . . 

10 20 

1 

62*7 

to in. 

S, D projection, streak to HI. 

196 


R=9^ 50“ 32®-86 (175 rot.). This was a rather interesting little spot, 
which projected in a sp. direction into the Equatorial zone. A dark streak 
dr wisp was recorded in nearly every observation extending in a sp. direc- 
tion to the South Equatorial belt. Generally this wisp appeared to run to 
the dark spot III., but on April 29 and May 1 it went to a point on the 
SEB following that spot, though subsequently it was again seen to run to 
III. It would seem from this as though the wisp emanated from spot 3 
rather than from spot III., as the shifts in the relative positions of the two 
spots would in such case account for the observed changes. Spot 3 was 
also seen on June 16, though the transit was missed, but after this date it 
must have disappeared rather suddenly, for it was not seen again. 
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Whtte Noith Equatortal Spot 4 


Bate 

Tiansit 

Wt 

Long 

Description 

Pig 

1888 

May 31 

h m 

11 54 

2 

69 4 

mL, rnB, v wh 

188 

June 14 

10 32 

2 

70 0 

mL, B wh 

196 

„ 16 

11 50 

3 

74 2 

mL, B, wh 

198 

„ 30 

10 13 

2 

71 0 

mL, B, wh 

201 

July 16 

9 513 

3 

69 4 

mL, B, V wh 

200 

„ 18 

11 05 


70 7 

mL, vB, time v rough 

207 

Aug 31 

7 57 

1 

73 5 

mL, B, V wh 

213 


!R=9^ 50“" 17® 65 (224 rot ) A rather brilliant and definite white spot, 
which was alwajs observed to be joined to the white spot lY by a white 
streak 


White Ji^ortli Equatorial Sqwt 5 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

May 27 

h m 

10 18 

8 

91 3 

mL, B, V w^h, w^ell def. 

186 

„ 31 

12 36 

2 

951 

Not vL, not vB, wh 

189 

June 14 

11 16 

2 

96 8 

mL, mB, wh, streak to YI 

196 

„ 30 

10 50 

1 

93 6 

mL, B, wh, streak to VI 

201 

July 16 

10 25 

1 

89 9 

mL, mB, wh, streak to YI 

206 

„ 23 

9 39 

3 

89 2 

mL, B, V wh, streak to YI 

209 

Aug 22 

8 00 

2 

92 6 

mL, B, streak to YI 

210 

„ 31 

8 35 

dup 

96 7 

mL, vB, E, wh btreak to YI 

213 


50^ 16® 70 (234 rot ) This white spot is particularly interesting 
from the tact of its having on May 27 occupied almost exactly the same 
position which the dark spot 6 had done only three days earlier This is a 
remarkable and somewhat rare circumstance On May 27 the dark spot 
was seen just toUowung the white one, though its transit was not observed, 
so that it evidently experienced a similar shift of position to that of spot 5 
But after this date the dark spot seems to have disappeared for a time, and 
it is doubtful whether the spot ob'^erved on July 16 is the same spot or a 
fresh one which made its appearance subsequently nearly in the same 
position Because of this unceitainty, it has been thought advisable not to 
use this dark spot 6 for rotation -period purposes, though for convenience 
the observations are included below as though they related to one and the 
same spot 
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Dark North Equatorial Sjpot 6. 


Date. 

Transit 

wt. 

Long. 

description. 

Fig. 

Sfllll 

h m 

]1 04 

2 

9t)-7 

S, mD, wisp sp to V. 

S, mD, wisp sp. 

179 

24 .... 

18 26 

1 

90-3 

183 

16 ... . 

10 32 

2 

94-2 

S, mD. 

206 

. 22 . . . . 


1 

96-9 

vS, vP, V difficult. 

210 


See the remarks to the preceding spot. It is probable, though not free 
from doubt, that all the ODservations in the table do relate to the same 
spot. 


WTiite North Equatorial Sjpot 7. 


Date. 

Transit. 

wt. 

Long. 

Description. 

Fig. 

88. 

' 20 . . . . 

^ 16 .... 
23 ... . 

. 22 . . . . 

h m 

11 26 

10 60 

9 69 

8 21 

, 

3 

1 

dup 

2 

10l-2 

106-2 

101-4 

105-4 

mli, mB, streak to VI. 
mL, mB, streak to VII. 
mL, B, streak to Vll. 
mL, mB, streak to VII, 

179 

206 

209 

210 


E=9^ 60“ 16“*46 (229 rot.). Between May 20 and July 16 the spot 
seems to have either become very faint or else to have disappeared for a 
time, though the identification appears to be pretty certainly correct, 
notwithstanding the gap in the obser nations. At any rate, little difference 
would be produced in the adopted rotation-period by rejecting the first 
observation. 


Dark North Equatorial Spot 8. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

188. 

r 16 . . . . 

h m 

13 14 

2 

116-4 

mL, D, well-def projection. 

177 

20 .... 

11 48 

2 

117-6 

wisp to vni. 

Bather S, D, wisp to VIII. 

179 

r 16 . . . . 

11 10 

2 

117-4 

S, D projection, i?risp to VIII. 

206 

23 .... 

10 27 


1]8«5 

S, mD projection. 

209 

r. 22 . . . . 

8 46 

H 

120-1 

Bather S, mD projection. 

210 
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E = 9^ 50^ 17® 1 6 (241 lot ) There are no observations between May 20 
and July 16, so that, like the adjacent spots, it must have become very 
feeble or else have disappeared altogether for a time But here also but 
httle difference would be caused to the adopted peiiod of rotation by 
rejecting the first tvi o observations 


White North Equatorial Spot 9 


Date 

Transit 

Wt 

Long 

Description 

Sig 

1888 

May 25 
„ 27 

June 3 
„ 10 
„ 14 

July 23 

Aug 22 

h m 

9 49 

10 57 

10 21 

9 45 5 
12 11 

10 55 

9 12 

3 

2 

dup 

3 

1 

2 

est 

116 9 

115 L 
1217 

128 4 

130 4 

135 6 

136 5 

Not vL, mB, wh 
mL, mB, wh 
mL, B, wh, 
mL, B, wh 
mL, mB, wh 
mL, B 
mL, B, wh 

184 

186 

192 

193 

209 

210 

E— 9^ 50“ 27® 43 (217 rot ) A white streak southwards to spot IX was 
recorded at every observation 

Baric North Equatorial Spot 10 

Date 

Transit 

wt 

Long 

Description 

Pig 

1888 

May 25 

June 10 
„ 17 

July 19 

h m 

10 19 

10 12 5 

9 43 

8 50 

2 

3 

4 

est 

135 1 

144 8 

155 1 

146 5 

Yery minute, vB projection 

S, D 

Bather S, I) projection 

S, mD projection 

184 

193 

199 

208 


E_9 50 24 26 (134 rot) Notwithstanding the irregular motion, and 

the large gap separating the last observation from the earher ones, there 
can hardly be any doubt as to identification, because all the observations 
describe the spot as being connected with the dark spot X by means of a 
daik streak This streak ran in a south preceding direction from 10 at 
first, but at the last observation the direction was south a little following 
The change of direction was due to the change in the relative positions of 

thA r.Wrt anrkta ^ 
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WhiU North Equatorial 1 1. 


►ate. 

Transit. 

Wt. 

Long. 

Description. 

Kg. 


h m 

12 25 

2 

19 

mL, rather T, wh. 

179 

26 ... . 

10 38 

3 


mL, rather F, wh. 

184 

27 ... . 

12 00 

1 

BvfW 

mL, B, V wh. 

186 

1 .... 

10 00-6 

3 


mL, mB, wh. 

190 

3 . . . . 

11 16 

2 


mL, mB, wh. 

192 

10 ... . 

10 38-6 

3 


mL, mB, wh. 

193 

17 ... . 

10 07 

3 


mL, B, wh, nearly E. 

199 

19 ... . 

9 22 

1 


mL, B, nearly E. 

208 


E=9^ 50“ 31*'71 (146 rot.). In all the observations a white streak 
lonnected the spot with the white spot XI., so that there cannot be any 
loubt as regards the identification. 


Darh North Equatorial Bjpot 12. 


)ate. 

Transit. 


Long. 

Description. 

Kg. 

a 

23 .... 

h m 

10 16 

2 

176-5 

S, ml) projection. 

182 

26 ... . 

11 19 

3 

171-7 

S, D projection. 

184 

3 .... 

11 61 

2 

176-6 

S, J> prgection. 

192 

10 .... 

11 03-6 

3 

175-9 

Bather S, D projection. 
vS, D, diflBoult. 

193 

17 .... 

10 26 

1 


199 


50“ 22"*67 (61 rot.). The spot was also seen on July 19 and 
A.ug. 25, though the transits were not observed. 


WhiU North Equatorial Bjpot 13. 


)ate. 

Transit. 

Wt. 

Long. 

Description. 

Kg. 

a 

11 ... . 

h m 

13 07 

4 

■■ 

mL, vB, v wh. 

172 

13 ... . 

14 18 

1 


L, B, wh. 

175 


13 56 

2 

195-0 

mL, B, wh. 

179 

23 ... . 


3 

185-1 

mL, B, wh. 

182 

25 ... . 

11 41 

2 

186-2 

mL, rather F, wh. 

184 

3 .... 


3 

184-2 

mL, B, wh. 

192 



2 

187-6 

mL, rather F, wh. 

193 

17 ... . 


2 

191-7 

mL, rather F, wh. 

199 

19 ... . 


. 1 

195J-3 

mL, vB. 

208 

26 ... . 

7 43-5 

2 

196-8 

mL, B, wh; 

212 
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E=9^50'^ 20® 77 (258 rofc ) A rather bright and conspicuous spot, 
from which a white streak extended nearly due south to the SEB It is 
noteworthy that prior to and up to May 25 this streak appeared to lun to 
the white spot XV , but that on and after June 3 it went to the acl]oinitig 
spot XIII The change was due to the fact that spots XIII and XV were 
about this time moving with abnormal slowness, whilst spot 13 was, on the 
other hand, moving rapidly, so that the relative positions of the spots had 
changed in the interval This is confirmatory of the view that certain of 
the hite and dark streaks were emanations from the Xorth Equatorial 
spots rather than from the South Equatorial spots This view is, however, 
by no means to be regarded as eatabhshed or universal, and some obser- 
vations do not support it More probably the wisps emanate sometimes 
from the North Equatorial spots and sometimes from the South Equatorial 
spots 


Baric North Equatorial B'^ot 14 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

May 20 

h m 

14 14 

2 

206 6 

S, D, well-def pro]ection 

179 

„ 23 

11 05 

2 

206 4 

vS, vD, nearly black projection 

182 

June 10 

11 37 5 

1 

196 7 

S, mD projection 

193 

Aug 25 

7 55 5 

1 

2041 

S, rather E, not easy 

212 


E=9^ 50“ 14* 86 (236 rot ) Here we have a similar peculiarity to that 
which occurred in the case of the preceding spot On May 20 and 23 
there was a dark wisp apparently connecting the spot to spot XVI , 
whilst on June 10 this wisp appeared to 3 oin it to spot XIV , instead of 
3^VI A similar explanation applies The change was due to the abnor- 
mally slow motion of the South Equatorial spots, combined with the 
abnormally rapid motion of spot 14 Although the latter spot was not 
observed between June 10 and Aug 25, there cannot be much doubt as to 
identification, because both spots 13 and 15 were observed in the interval 
On account, however, of the slight uncertainty this result has been given 
only half weight 


White North Equatorial Sjpot 15 


Date 

Transit. 

wt. 

Long 

Description 

Fig 

1888 

May 23 

h m 

11 10 

2 

209 5 

mL, mD, wh 

182 

June 1 

11 25 

2 

204 0 

mL, rather E, wh 

190 

„ 3 

12 44 

2 

208 9 

mL, mB, wh 

192 

„ 10 

11 55 5 

2 

2077 

mL, mB, wh 

193 

» 17 

11 10 

3 

2081 

mL, B, wh, nearly E 

199 

,, 22 

9 14 

3 

208 8 

mL, B, wh, nearly E 

200 

July 1 

9 46 5 

1 

2131 

mL, B 

202 

„ 19 

10 48 

1 

218 5 

mL, mB, nearly E 

^208 

Aug 25 . 

8 20 5 

2 

219 4 

mL, B, nearly E 

212 
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50“ 21*’43 (^9 rot.). A rather brilliant, well-defined white spot. 
On May 23 it was joined to the white spot XVII.- by a white streak, but 
from and after June 1 this streak apparently connected it to spot XY. 
The explanation is the same as that given for spots 13 and 14. The iden- 
tification of the South Equatorial spots seems to be quite certain, as is also^ 
that of the North Equatorial spots, so that there can hardly be any doubt 
as to the correctness of the foregoing explanation, which is also supported 
by the drawings so far as they go, though it is regrettable that the obser- 
vations were not more numerous just at this critical time.. 


Baric NorQi Equatorial Sj^ot 16. 


Bate. 

Transit. 

wt. 

Long. 

Besoription. . 

JFig. 

88. 

9 1 


2 


S, D, well def. 

190 

3 .... 

12 S3 

1 


Sj mD, inconspicuous. 

192 

17 .... 

11 21 

1 

214-8 

vS, B, V diflScult. 

199 

22 ... . 

9 32 

3 

219-8 

S, mD, 

200 


50“ 28*^69 (51 rot.). 


White North Equatorial Sj^t Tl, 


Bate. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

88. 

r 23 . . . . 


h m 
[11 60] 

2 


[233-9] 

mL, mB, wh. 

182 

e 1 .... 


12 07] 

1 


[229-6] 

Bather 8, rather P, 

190 

13 .... 


9 26] 

2 


■230-8] 

mL, P, 

195 

17 ... . 

11 33 

3 

222-2 

mL, B, nearly E. 

199 

22 ... . 

9 49 

3 

230-2 

mL, P. 

200 

r 1 .... 

10 19-5 

1 

233-2 

mL, mB, nearly E. 

202 

:.26 .... 

8 60-6 

• • 

237-7 

mL, mB, v rough. 

212 


E=9'‘ 50“ 20“’61 (156 rot.). This is a rather interesting spot. On 
May 23 a white streak was noted extending southwards to the white spot 
XYIII. On June 1 and June 13 this streak is shown joining spot 17 to 
spot XVn., instead of XYIII., which latter was not seen on either of these 
two nights. Spot 17 seems to have then split into two *, one component 
being joined to XYIl. by a white streak, and the other to XYIII. by a 
similar streak. Between the two a dark spot, 18, made its appearance 
(see Plate YII.). Eor the purpose of computing the rotation-periods of 
spots 17 and 19 I hare used only the observations subsequent to the division 
into two spots ; and the two results have been given half-weight. 

^ Or as an altematiye it may perhaps be better stated that the dark spot, 18, then 
made its appearance, dividing the formerly existing white spot into two. 
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Dark No'ith Equatorial Spot 18 


Bate 

Transit 

Wt 

Long 

Bescription 

Fig 

1888 

June 22 

July 1 

Aug 23 

h m 

10 07 

10 38 5 

7 51 

2 

2 

241 1 

244 8 

245 2 

S, mD, no w i&p 

8, mD, wisp s susp 

S, D, well def, plain wisp 
Time the mean of an est 
tiansit and a double transit 

200 

202 

211 

E==9^ 50“^ 18® 50 (151 rot ) This is the dark spot referred to in the 
remarks on the preceding spot It is interesting to note that a new dark 
spot also came into existence between the spots XVIl and XYIII , and 
that on Ang 25 a dark wisp was seen joining it to the present one 

White Noith Equatorial Spot 19 

Bate 

Transit 

Wt 

Long 

Bescription 

Fig 

1888 

May 23 

June 1 
„ 13 

„ 17 

,, 22 

July 1 
„ 6 

Ang 23 

h m 
[11 50J 
[12 07] 

[ 9 25] 

12 07 

10 19 

10 52 5 

8 55 5 

8 13 

2 

1 

2 

2 

3 

1 

dup 

4 

[233 9] 
[229 6] 
[230 8] 
242 9 

248 4 
253 3 
253 2 
258 6 

mL, mB 

Bather S, rather B 

mL, B 

mL, B, wh 

mL, B, nearly B, wh 

mL, mB 

mL, rather B 

mL, eB, a well-def disc 

182 

190 

195 

199 

200 
202 
203 
211 

E 9 50 (151 three observations relate to the 

single spot, which later on divided into two, as already described under 
object ™ observation the spot was a very brilliant disc-like 

Dark North Equatorial Spot 20 

Bate 

Transit 

Wt 

Long 

Bescription 

Fig 

188=? 

May 2 
„ 11 
„ 12 
„ 14 

» 23 

Aug 23 

h m 

14 37 5 
14 58 

10 34 5 

11 49 

12 20 

8 38 

2 

2 

2 

3 

1 

1 

250 0 

248 0 

245 7 

247 9 

252 2 

273 8 

Bather S, a not vD projection 
mL, D pro]ection 

Bather S, D projection 

S, lather B projection 
'No description, seeing bad 

S, D projection 

165 

172 

173 
176 
182 
211 
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E=9^ 50™ 26'**76 (276 rot.). In May this was a rather conspicuous 
projection, with a dark wisp to spot XIX., and another wisp sp to spot 
XYI., but after May 23 it either became very faint or else disappeared 
altogether. On June 22 it could not be seen, although it was specially 
looked for. Owing to this circumstance the foregoing result has been given 
half-weight, though there can be little doubt but that the observation of 
Aug. 23 either refers to the same spot or else to a new one which made its 
appearance in practically the same place. 


WhiU NortTi Equatorial Spot 21.. 


Date. 

Transit. 

Wt. 

Dong. 

Description. 

Fig. 

L888. 

h m 


0 



ly 2 

14 65 

4 

260-7 

mL, vB, V wh, oval. 

165 

10 ... . 

9 38+- 


254-4+ 

mL, vB, V wh. 

170 

14 ... . 

12 22 

3 

268-0 

Bather S, B, wh, oval. 

176 

23 ... . 

12 62 

1 

271-7 

mL, B, wh. 

182 

ne 11 .... 

9 22*5 

3 

272-7 

mL, B, V wh. 

194 

, 17 ... . 

12 68 

1 

274-0 

mL, B, wh- 

199 

, 22 ... . 

10 69 

2 

272-9 

mL, B, wh, nearly E. 

200 

ily 6 .... 

9 35-6 

2 

277-6 

mL, mB. 

203 

ig. 23 

9 12-5 


294-9 

mL, mB, wh, nearly E. Time 
the mean of an est and a 
double transit. 

211 


B.s=9^ 60“ 28®'12 (275 rot.). A bright and conspicuous spot. It was 
usually joined to the white spot XX. by a white streak. On May 2, 
however, this streak ran, not to spot XX., but to the South Equatorial belt 
just preceding that spot. This is a further confirmation of the view that 
the white streaks, in some cases at least, emanated from the North Equa- 
torial spots rather than from the South Equatorial spots. 


DarJc E^orth Equatorial Spot 22. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

1888. 

h m 

mm 


m 

144 

pr. 3 .... 

13 01 


278-5 

Not L, mD, sp end of a short 




streak. 

156 

„ 26.... 

11 55 

2 

280-6 

Eather I* projection. 

[ay 10 .... 

10 20 

3 

280-1 

8, D projection. 

170( 

„ 12.... 

11 29 

3 

278-9 

Bather 8, D projection. 

173 

„ 14.... 

une 11 .... 

12 38 

9 40-5 

3 

3 

271-7 

283-6 

8, D projection. 

8, m!D projection. 

8, m3) projection. 

17a 

194 

„ 22.... 

11 20 

1 

285-7 

2oa 

Illy 6 

9 53-5 

2 

288-6 

v8, m3) projection. 

203- 
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E=9^ 50“ 19® 90 (229 rot ) A curious dark piojection witk two wisps, 
oue running m a sp direction to spot XIX , and the other in a southerly- 
direction to spot XXI 


White North Equator lal S])ot 23 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

h 

m 




144 

Apr 

3 

13 

28 

2 

294 9 

mL, B, V wh 


26 

12 

20 

1 

295 9 

End of a P streak 

156 

May 

3 

11 

54 

4 

308 7 

L, B, wh, nearly E. 

166 


12 

12 

10 

2 

303 9 

mL, B, nearly E 

173 


14 

13 

13 

3 

2991 

mL, B, wh 

176 


21 

12 

37 

3 

305 8 

mL, B, V wh 

181 


26 

10 

45 

2 

309 4 

mL, B, V wh 

185 

June 

2 

9 

55 

2 

307 4 

mL, B, wh 

191 


11 

10 

37 

est 

3181 

mL, mB 

194 

July 

6 

10 

58 

3 

327 9 

mL, B, wh 

203 


E=9^50“30®05 (229 rot) The observations of the spots in this 
longitude strongly point to the uncommon fact of two white and dark spots 
in the same latitude passing one another Either this must have been what 
happened, or else great changes must have occurred in this region of the 
planet The former is perhaps the more probable To give all the evidence 
in favour of this would require considerable space and the reproduction of 
the drawings, but the probable course of the change that resulted will be seen 
from Plate Til The dark spot 24 apparently divided into two spots after 
May 12, and between May 24 and May 26 the preceding component, called 
24 a, seems to have crossed from the following to the preceding side of the 
white spot 23 Subsequently also a white spot, 23 a, made its appeal ance 
preceding 24 a, though it is possible that this should rather be regarded as 
an ofehoot from spot 23 


White North Equatorial JSjpot 23 a 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

June 11 

h m 

10 06 5 

2 

299 5 

mL, mB, wh 

194 

July 6 

10 18 

2 

303‘5 

Eather S, mB, nearly E 

203 


See notes to the last spot As there are only two observations, sepa- 
rated by a time interval of less than a month, it has not been thought 
worth while to use this spot for rotation-period pui poses 
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Baric ITorth Equatorial Spot 24 a. 


Date. 

Transit. 

Wt 

Long. 

Description, 

Fig. 

1888. 

ay 14 

h m 

13 26 

3 


S, mD projection. 

176 

, 24.... 

9 28 

2 


S, vD, blackish projection. 

S, D projection. 

183 

, 26 

10 34 

1 

302-7 

185 

me 2 

9 47 

1 


S, D projection. 

191 

, 11 

ily 6 

10 16 

2 


S, mD projection. 

Eather S, D projection. 

194 

10 37 

3 

315-1 

203 


E=9*^ 50“ 23**38 (129 rot.). See note to spot 23. 


Baric ITorth Equatorial Spot 24. 


Date. 

Transit. 

wt. 

Long. 

. 

Description. 

Fig. 

1888. 






pr. 5 . . . . 


1 

30^7 

Short D projection. 

146 

ay 1 . . , . 

11 02 

2 

320-2 

Eather S, mD projection. 

161 

,, 8.... 
„ 5.... 

12 07 

13 14 

3 

3 

816*6 

314-2 

S, F projection. 

S, mD projection. 

166 

169 

„ 10.... 

11 18 

3 

315*4 

Eather S, mD projection. 

170 

„ 12.... 

12 21 

3 

310-6 

Eather S, mD projection. 

173 

„ 14.... 

13 40 

2 

315-6 

S, F projection. 

176 

„ 21 ... . 


2 

314-1 

S, mD projection. 

Seen and drawn. 

181 

„ 24.... 

• • ■ ■ 


* • • » 

183 

„ 26 ... . 

• • • . 


• • • • 

S, mD projection. 

186 

me 2 


3 

320-2 

S, D prmection. 

Eather S, D projection. Time 

191 

Jy 6 

11 17 

3 

339-5 

203 




by dup transit =11*^ 20“'7. 



E=9^ 50“ 29*-84 (224 rot.). As already mentioned under spot 23, this 
^ot 24 divided into two after May 12, or perhaps it would he better to 
describe spot 24 a as being an ofEshoot from spot 24. 


White N'orth Equatorial Spot 25. 


Date. 

Transit. 

Wt. 

1 

Long. 

Description. 

Kg. 

1888. 

ay 14 

h m 

14 15 

1 

3 

33§-9 

Eather S, B, wh. 

176 

, 21 ... . 


2 

338-2 

niL, mB, v wh. 

181 

24.... 

10 24 

3 

339-7 

mL, B, V wh. 

183 

, 26 ... . 

11 29 

3 

336-2 

mL, tB, wh. 

185 

me 2 


3 

342-2 

mL, B, wh. 

191 

„ 16 ... . 


2 

343-9 

Eather S, F, wh. 

197 

ily 18 


2 

355-7 

mL, B. 
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E=9^ SO’” 27^54 (158 lot ) A conspicuous white spot, which on 
May 14 and 21 was joined to spot XXY by a white streak, but m all the 
subsequent observations this streak is drawn as extending to spot XXI V , 
and not to XXY It is probable that the next spot, 26, was an o:ffshoot 
from 25, and that on its formation oi separation the white streak from 25 
ran to XXIY , instead of to XXY Later on another white streak con- 
nected 26 with XXY 


White North Equatorial Sjqot 26 


Date 

Transit 

Wt. 

Long 

Description 

Fig 

1888 

June 2 

h m 

11 04 

2 

349 5 

8, rather F, v wh 

191 

„ 16 

9 35 3 

4 

352 0 

mL, B, wh 

197 

July 6 

11 42 + 


354 8 + 

mL, B 

203 

,, 18 

9 12 

2 

18 

mL, B 

207 


E — 9^ 50’” 26® 70 (112 rot ) See note to spot 25 


Dark No) tli Equatoi zal Spot 27 


Date 

Transit 

Wt 

Long 

1888 

Apr 1 . 

h m 

13 32 

2 

33 I 0 

„ 3 

14 42 

2 

3401 

„ 8 

12 50 

2 

343 5 

„ 26 

13 55 

4 

353 8 

May 1 , 

12 06 5 

3 

359 5 

„ 3 

13 10 

3 

355 0 

„ 5 . 

14 26 

2 

3581 

„ 10 

12 30 

3 

359 3 

„ 12 - 

13 55 

1 

3.55 7 

„ 21 

13 56 

2 

354 0 

„ 24 

10 45 

3 

352 6 

June 2 

11 10 

3 

353 2 

„ 16 

9 50 

3 

10 

jJuly 18 

9 50 

2 

12 8 


Description 


Eather S, 3 

Eather 8, inconspicuous 
vL, vL projection 
mL, not vD Time by dup transit 
zr 13^^55”’ 

Eather S, not D 
vF, v difficult 
S,E 
S, F 

S, F projection 
Eather S, ml) 

Eather S, mL 
S, L, blackish projection 
S, mL projection 
S, mL projection 


Fig 


143 

144 
150 
156 

161 

166 

169 

170 
173 
181 
183 
191 
197 
207 


E—gii 50“ 27* 99 (263 rot ) The remarkable changes which this spot 
mderwent are referred to more particularly under the South Bquatonal 

Sputs 10, 11, 12. 14, 16, 17, 18, 20, and 26 were given half-weight m 
iormmg the undermentioned mean rotation-period of the North Equatorial 
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Sttaima^rt op North EQirATOEiA.L Spots. 


Spot. 

Eot.-Per. 

No. of 

No. of 



Rot. 

Obs. 


h m B 


■■ 

White Spot 1 

9 50 24-00 

156 

6 

Dark Spot 2 

9 50 26-72 

268 

8 

Dark Spot 3 

9 50 32-86 

175 

12 

White Spot 4 

9 50 17-65 

224 

7 

White Spot 5 

9 50 16-70 

234 

8 

Dark Spot 6 

« • « • 


4 

White Spot 7 

9 50 16-43 

229 

4 

Dark Spot 8 

9 50 17-16 

241 

6 

White Spot 9 

9 60 27-43 

217 

7 

Dark Spot 10 

9 60 24-26 

134 

4 

White Spot 11 

9 60 31-71 

146 

8 

Dark Spot 12 

9 60 22-67 

61 

5 

White Spot 13 

9 60 20-77 

258 

10 

Dark Spot 14 

9 50 14-86 

236 

4 

White Spot 15 

9 60 21-43 

229 

9 

Dark Spot 16 

9 60 28-69 

61 

4 

White Spot 17 

9 60 20-61 

156 

7 

Dark Spot 18 

9 60 18-60 

151 

3 

White Spot 19 

9 60 22-47 

161 

8 

Dark Spot 20 

9 60 26-76 

275 

6 

White Spot 21 

9 60 28-12 

276 

9 

Dark Spot 22 

9 60 19-90 

229 

8 

White Spot 23 

9 50 30-05 

229 

10 

White Spot 23 a 

.... 

• » 

2 

Dark Spot 24 a 

9 60 23-38 

129 

6 

Dark Spot 24 

9 60 29-84 

224 

10 

White Spot 25 

9 60 27-64 

158 

7 

White Spot 26 

9 50 26-70 

112 

4 

Dark Spot 27 

9 50 27-99 

263 

14 


Mhah RoTATioy-PBHiop OP North Equatorial Spots 
^ 9 ^ 50“ 23“-88 (27 spots). 

(iv.) The South Equatorial Spots. 

The general appearance of the South Equatorial spots in 1888 was very 
similar to what it had been in 1887. As in the latter year, there were 
numerous irregular, dark masses or spots on the northernmost component 
of the coarsely double South Equatorial belt, most of them projecting to a 
greater or less extent into the bright Equatorial zone. Between these dark 
spots were brillhin,t white- areas or spots^ >^bjoh ■ usi^y- appeared to indent 
or encroach upon the dark South Equatorial belt. In the light of our' 
present knowledge We know that in many caiaes cbmparatively harrow bbt 
brilliant channels or rifts, starting from these spots, penetrated into and 
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frequently right through the northernmost component of the South Equatorial 
belt 5 but none of these were distinctly seen in 1888, doubtless chiefly on 
account of the unfavourable position of Jupiter In a good many cases 
there are records of bright spots being seen in the central rift of the South 
Equatorial belt, like that shown above spot IX in Plate I , but none of 
these was observed sufficiently' well to enable its rotation-period to be 
ascertained with certainty ^ 

In one important detail, however, there is a difference compared with 
1887 In that year many dark spots were observed on the southernmost 
component of the South Equatorial belt, as well as on the northernmost 
component ; and it would seem from the observations of these spots t that 
they partook of the rapid motion of the spots on the northernmost com- 
ponent of the belt Or in other words this would imply that in 1887 the 
great Equatorial current of Jupiter extended so far south as to include or 
cover the southernmost component of the South Equatorial belt, or at any 
rate the northern portion of it But m 1888 only a very few dark spots 
were observed on the southernmost component of the belt, and it appears 
probable that in this year the Equatorial current did not extend appreciably 
south of the great central rift of the belt 

Again, as in 1887, the region of the South Equatorial spots proved to be 
by far the most disturbed of any region of tne planet, all the spots, both 
light and dark, being more or less m a constant state of change , and the 
changes, moreover, being often very great and very sudden The changes of 
the dark spot I , in conjunction with those of the North Equatorial spot 27, 
were particularly great and interesting, as will be seen from the figures of 
Plate III The apparent connection of the dark South Equatorial spots 
with dark North Equatorial spots by means of dark streaks or wisps has 
already been referred to in the general remarks on the North Equatorial 
spots, as has likewise the gradual change in the direction and general aspect 
of these wisps 

All the observations for longitude of the South Equatorial spots have 
been inserted in the cbart, Plate VUI , which shows clearly the remarkable 
changes which occurred in the motions of the different spots The general 
question of the correctness, or otherwise, of the identification of the 
different spots will also be evident from an inspection of this Plate Al- 
though in a few instances an alternative identification of the observations is 
perhaps possible, yet on the whole I feel quite satisfied as to the correctness 
of the identification, because the observations are m most cases sufficiently 
numerous and so distributed as to prevent possibility of doubt , whilst b} 
the system of identification here adopted every observation is satisfactorily 
accounted for, which would not be the case if any alternative system of 
identification were adopted. 

Coming now to the details of the motions of the spots, we have to notice 
firstly the very remarkable change that occurred about the middle of the 
month of May At this time the motions of the spots nearly all round the 
planet received a rather sudden check, by which their rotation-periods 


^ excepted Bee the figures 

t See^ for example, those of spot XII of that year {Z toI i p 78) 
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increased much in length. This remarkable change is particularly evident 
between longitudes 0° and 280° (of System I., not System n.). And what 
s^ms particularly worthy of notice is that the change did not occur quite 
simultaneously in all spots, bat progressively later and later as we proceed 
in order of increasing longitudes. This progressive nature of the change 
has been indicated on Plate VIII. by means of the thick broken line A to B. 
It is due in great measure to this remarkable change that the mean rotation- 
period of the South Equatorial spots was so much longer in 1888 than it 
had been in 1887. The rotation-period of the South Equatorial spots had 
been increasing in length ever since 1879, and we may gather from the 
curious change which has just been described that this increase did not 
take place regularly, but by fits and starts. 

Besides this great general change, some other interesting, if more local, 
changes will be revealed by Plate YIII. We may notice, for example, a 
tendency for a particular spot, such as IV., to temporarily divide into 
two, and even for one of the resulting components to again subdivide, the 
whole subsequently re-uniting again to form a single spot. Another very 
interesting and characteristic feature is the manner in which if one spot 
is affected by a sudden change, the neighbouring spots are also more or less 
affected by a similar change. In other words, this mdicates that an invisible 
and probably deep-seated change of some kind has occurred affecting not 
simply a single spot but a considerable area of the planet. A third 
interesting feature is that if two spots should separate from one another, a 
new spot ultimately makes its appearance in between. As, for exmple, 
the dark spot which temporarily formed when the white spot IV. divided 
into two. Possibly it would be more correct in this case to say that to the 
formation of the dark spot was due the division of the spot IV. into two 
©pots. 

Attention -should be particularly directed to the fact that in many of the 
largest and most eudden changes the observations are both numerous and 
accordant, so that it is impossible that such great changes can be ascribable 
to errors of observation, nor can they be attributed merely to variations in 
the appearance e£ the spots, or to different reference points having been 
observed. It is very fortunate that the month of May was unusually fine, so 
that many observations are available about the tin\e of the great change 
which occurred then. 

In 1887 the mean rotation-period from 21 South Equatorial spots was 
Qb 60“ 22**4 ♦. In 1888 it was 9*^ 50“ 27**86, also from 21 spots, an in- 
crease of 6"-46. As already mentioned, this increase was largely due to the 
remarkable change that occurred in May. 

I have not attempted to identify any of the equatorial spots observed 
in 1888 with those seen in the previous year. In order to do this 
with satisfection it is necessary to have the results of not less than three 
consecutive years available, and four would he better. 

Attention is again cdled to the fact that the longitudes in this subsection 
are idwa^s those of System I. of Marth’s Ephemeris, and not those of 
System II. 


* Z. F. vol. i. p. 111. 
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Dark South Equatorial S^ot I 


Pate 

Transit 

Wfc 

Long 

Pesci iption 

Pig 

1888 

Mar 25 

h m 

14 25 

3 

344 8 

L, vL, well def 

141 

Apr 1 

13 34 

2 

341 6 

mL, mD, not well def 

143 

„ 3 

14 51 

4 

345 6 

Eathei 8, I), neaily P, well def 

144 

„ 6 

11 49 

dap 

349 6 

mL, mD 

147 

» 8 

12 52 

4 

344 7 

L, vD, well def 

150 

„ 26 

13 55 

4 

353 8 

vL, D, m well def 

156 

May 1 

12 04 

5 

358 0 

L, \D, well def Time by dup 

161 

» 3 

13 18 5 

5 

360 2 

transit = IP 58^^ 5 
vL, eD, V well def, oblong 

166 

57 5 

14 36 

5 

364 3 

vL, vD, V well def, in in shape 
Eather L, P, ^ ill def, a mere 
vestige of wbat it was 
mL, vD, well def 

169 

„ 10 

12 41 

3 

3661 

170 

„ 21 

14 05 

3 

359 5 

181 

» 24 

11 00 5 

5 

3621 

Eather S, vD, v well def, neaily E 

183 

June 2 

11 30 5 

5 

365 7 

Eathei 8, vD, E, well def 

191 

„ 16 

9 55 3 

4 

364 3 

Eather L, vD, well def 

197 

July 18 

9 35 

est 

375 8 

mL, not vD, diffuse. 

207 


E,= 9^ 50^ 28® 42 (280 rot ) This was a very conspicuous spot generally, 
and a very interesting one owing to its connection with the dark North 
Equatorial spot 27, and the enormous changes in appearance which it 
underwent, as will be seen from the figui es of Plate III At times nearly 
round, it was at other times most iriegulai in shajie, whilst on May 3 it 
was almost rectangular and exceedingly large On May 5 it was also 
described as very large and very dark , but only five days later a great 
change was recorded, the spot being described as faint and very ill-defined 
‘‘ a mere \restige of what it was a week before whilst on May 12 it could 
not be seen at all, although it was specially looked for The night, however 
was not good Later on it recovered much of its former blackness, though 
not its former magnitude The spot was throughout joined to spot 27 by 
a broad dark stieak This stieak and the last-mentioned spot likewise varied 
much in plamness, and that in such a manner as to indicate that the con- 
nection between the two spots was probably real, and not merely apparent 
The inclination of the connecting streak to the planet^s meridian also varied 
from time to time, doubtless owing to the fact that the motion of neither 
spot was quite uniform, as will be gathered from Plates VII and VIII 
In fact the relative and absolute changes in position and appearance of these 
two spots are very instructive 




OBSBETATIONS OP INDIVIDUAL SPOTS. 


59 


White South Equatorial Spot II. 


Date. 

Transit 

m. 

Long. 

Description. 

Kg. 

1888. 

h 

m 




mm 

[ar. 

25 ... . 

14 

60 

3 


eB, L, V wh. 

141 

pr. 

1 .... 

14 

09 

2 


mL, B. 

143 


3 .... 

15 

21 

2 

3-9 

mL, B. 

144 


6 .... 

12 

13 

4 

4-3 

L, eB, wh. 

147 


8 .... 

18 

20 

3 

1-8 

mL, eB, v wh, E. 

150 


26 .... 

14 

19 

4 

8-5 

mL, eB, E. 

156 

ay 

1 .... 

12 

26 

3 

11-5 

mL, B. 

161 


3 .... 

13 

44-5 

4 

16-1 

mL, vB. Times by two dup 

166 







transits = 13^ 50® and 13*" 46®. 



6 .... 

14 

55 

6 

15-8 

L, eB, wh. 

169 


]0 .... 

13 

01-5 

4 

18-6 

mL, vB, wh. 

170 


12 .... 

14 

13 

2 


mL, B. 

173 


13 .... 

9 

52 

est 

18-2 

mL, eB, wh, nearly E. 

174 


15 .... 

11 

09 

3 

21-9 

L, eB, V wh. 

177 


19 .... 

13 

30-6 

2 

21-8 

mL, eB, v wh. 

178 


21 .... 

14 

44 

2 

23*3 

Eather S, eB, E, disc-like. 

181 


22 ... . 

10 

22 

1 

21-9 

Bef e confus^. East wind. 



24 .... 

11 

30 

3 

20-1 

mL, vB, wh. 

l’83 

me 

1 2 .... 

12 

07 

1 


mL, vB, wh. 

191 


14 ... . 

9 

27 

2 


mL, B. 

196 


16 ... . 

10 

29 

2 

24-8 

mL, mB, wh. 

197 


30 ... . 

9 

10 

3 

32-6 

mL, B. 

201 

dy 

18 .... 

10 

12 

2 

38-4 

mL, vB. 

207 


60® 29"’18 (280 rot.). This was also a very conspicuous and a 
biilliant spot, at times almost disc-like in appearance, so as to resemble a 
satellite when just entering upon the disc of Jupiter. As with most of the 
equatorial spots, however,, there were large fluctuations in brightness. It 
is noteworthy that between April 8 and May 6 a bright spot was always to 
be seen opposite to it in the great central rift of the South Equatorial belt, 
so that the inference is that the spot in the rift moved at the same rate as 
spot n., though this is not in accordance with some recent investigations 
of Molesworth on the motions of the white spots in this rift. It is quite 
possible, however, that the motion of the material in this rift is not always 
the same, the region being just on the borderland of two currents differing 
widely in velocity. 
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Dark South Equatorial Spot III 


Date 

Transit 

Wt 

Long 

Desci iption 

Pig 

1888 

Mar 25 

h m 

15 20 

2 

18'*2 

Eather S, D 

141 

Apr 1 

14 32 

1 

17 3 

Eather S, F 

143 

„ 3 

15 44 

3 

17 9 

mL, D 

144 

„ 3 

12 37 

4 

18 9 

Eather L, vD 

147 

„ 8 

13 49 5 

4 

19 8 

mL, vD 

150 

„ 13 

11 53 

3 

20 5 

L, vD, V conspicuous 

151 

„ 26 

14 43 

? 

231 

L, B, well def Time by dap 

156 

May 1 

12 46 

4 

23 7 

transit = 14^ 43“ 

Eather S, B, well def 

161 

» 3 

14 06 

4 

29 2 

mL, B, well def Time by dup 

166 

5 

15 20 

4 

311 

tran8it=14^ 10“ 5 
mL, B, well def Time by dup 

169 

» 10 

13 29 

3 

35 4 

transit =15^ 20“ 
mL, B, well def 

170 

„ 13 

10 22 

3 

36 3 

mL, vB, well def 

174 

„ 15 

11 38 

1 

i 39 6 

Eather F, ill def 

177 

» 20 

9 39 5 

1 

39 2 

Inconspicuous 

179 

„ 24 

12 14 

2 

46 9 

mL, vB, well def, nearly E 

183 

„ 26 

13 22 

2 

45 2 

Eather S, B, well def, nearly E 


„ 31 

11 10 

3 

42 6 

L, B, much extended E and W 

188 

Jane 2 

12 28 

1 

40 8 

mL, B, well def, elong E and W 

191 

„ 14 

9 55 

1 

47 4 

mL, not vB 

196 

July 16 

9 14 6 

dup 

47 0 

mL, vB, well def, nearly E 

206 

„ 18 

10 38 

3 

54 3 

L, B, nearly E 

207 

Aug 31 

7 30 

1 

57 0 

mL, B 

213 


E=9^ 50“ 27® 60 (387 rot ) The normal appearance of this spot was 
that of a nearly circular, blackish spot, but one very interesting change 
occurred, namely its temporary segmentation or division into two spots 
This change, which occurred at the end of May, is well shown by Plate VIII 
There is only one actual observation of two distinct or separate spots, 
namely on May 24, when the companion spot was obser\ed to transit at 
IP 49“, but the subsequent observations show that the tendency to dupli- 
cation or gemination existed for more than a week after this date On 
May 31 the spot was not only much extended in an east and west direction, 
but suspicions of duphcity were expressly noted 
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Whitt South Equatorial Sj^ot IV. 


Bate. 

Q^ansit. 

Wt. 

Long. 

Bescription. 

Fig. 

1888. 

dar. 21 

h m 

13 30 

2 

37°9 

Esther S, vJB. 

140 

„ 25.... 

15 67 

3 

40-8 

Not vL, elong B and W. 

142 

i.pr. 1 

15 16 

2 

44-1 

Bather S, mB, elong E and W. 

148 

„ 8.... 

16 29 

3 

46-4 

Bather S, not vB, elong E and W. 

144 

„ 6.... 

13 23 

2 

46-9 

mL, B, V wh, elong E and W. 

147 

„ 13 .... 

12 28 

2 

41*9 

L, vB, V wh, elong E and W. 

161 

26 .... 

16 12 

3 

40-8 

L, vB, wh, elong E and W, 

156 

„ 29 .... 

12 13-7 

2 

47-2 

Bather S, B, slightly oval. 

168 

May 1 . . . . 

13 21 

4 

45-0 

mL, vB, V wh, oval. 

162 

„ 3.... 

14 30 

4 

43-8 

mL, vB, V wh, oval. Time by 

166 

„ 5 . . . . 

15 38 

4 

42-1 

dup transit =14^ 31”*6. 
mL, vB, wh, oval. Time by 

169 

10 .... 

13 45-5 

4 

45-4 

dup transit =16^ 39”. 
mL, eB, wh, nearly E. 

170 

„ 12 .... 

14 65 

2 

44-6 

mL, B. Def bad. 

173 

„ 13 .... 

10 40 

2 

47-2 

Bather S, B, wh. 

174 

„ 16 .... 

12 00 

2 

63-0 

Bather S, mB. 

177 

„ 19 .... 

14 33-5 

4 

60-2 

mL, vB, V wh, elong E and W 

178 

„ 20 .... 

10 12-6 

2 

69-3 

with suspicions of duplicity. 
mL, B, suspected dup. 

179 

„ 24 .... 

12 32 

3 

67-9 

mL, vB, V wh. 

183 

„ 31 .... 

11 49 

3 

66-4 

mL, vB, nearly B, v wh. 

188 

June 2 .... 

12 67 

1 

58-6 

mL, vB, V wh. Def bad. 

191 

„ 14 .... 

10 32 

3 

70-0 

mL, vB, wh. 

196 

„ 16 .... 

11 46 

3 

71-8 

mL, vB, V wh, elong E and W. 

198 

„ 30 .... 

10 13 

2 

71*0 

mL, B, wh. 

201 

July 16 . . . . 

9 49-3 

8 

68-2 

mL, vB, V wh, nearly E. 

206 

„ 18 .... 

11 05± 

, , 

70-7± 

mL, vB, wh, nearly E. 

207 

Aug. 31 . . . . 

7 66 

1 

72-2 

mL, B, V wh, B. 

213 


E=9^ 60” 25®'62 (397 rot.). Usually a very conspicuous spot, there were 
large fluctuations in brightness as wdL as in its shape and appearance. 
The remarkable division of this spot into two, followed by a further 
temporary gemination, is well shown by Plate Vin. The dark spot ob- 
served on April 29 transited at 12^ 28”-7 (wt.=3), the time by a double 
transit being 12*^ 27“-7 ; and on May 1 at 13^ 40” (wt.=4), the time by a 
double transit being 13^ 41”. The bright spot following the above-mentioned 
dark spot transited on May 10 at 14*^ 27” (wt. = 3); and on May 16 at 
12*^ 32” (wt.=:2). 
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BaiL South Equatoital Spot Y 


Date 

Transit 

Wfc 

Long 

Description 

Fig 

1888 

h 

m 





Mar, 

,21 

13 

59 

3 

55 5 

Not vL, mD 

140 

55 

25 

16 

20 ' 

est 

54 8 

vD, V well def, nearly E 

142 

Apr 

1 

15 

42 

1 

60 0 

Def V bad 

143 

55 

13 

13 

07 

1 

65 7 

S, F 

151 

55 

20 

12 

38 

3 

76 6 

Eather S, mD, roughly E 

354 

5 > 

29 

13 

03 7 

2 

77 7 

mL, vD, nearly E Time by 

158 

May 






dup transits 13^ 02“ 7 


1 

14 

15 

2 

77 9 

Eather 8, E Time by dup 

162 







transit zz: 14^ 16“ 


55 

4 

11 

09 

3 

79 7 

L, mD 

167 

55 

10 

14 

43 

3 

80 5 

mL, D, nearly E 

170 

55 

11 

10 

22 

3 

79 7 

Eather 8, vD 

171 

55 

15 

12 

44 

2 

79 8 

Eather E, inconspicuous^ 

177 

55 

19 . 

14 

515 

3 

712 

mL, vD, E 

178 

55 

20 

10 

35 5 

1 

73 4 

mL, mD 

179 

55 

27 

10 

015 

4 

81 2 

S, D, E 

186 

June 

. 14 

10 

53 

3 

82 8 

mL, D 

196 

55 

16 

12 

06 

2 

84 0 

mL, D, roughly E 

198 

55 

30 

10 

34 

1 

83 8 

S, rather E 

201 

July 

16 

10 

12 

2 

82 0 

S, mD 

206 

5 

23 

9 

20 

1 

77 6 

S, D 

209 

Aug 

22 

7 

48 

est 

85 3 

L, D 

230 

55 

31 

8 

17 

1 

85 7 

Eather S, D 

213 


!R — 9^ 50°^ 23® 19 (397 rot ) The usual appearance was that of a 
moderately large, nearly round spot on the north side of the South 
Equatorial belt 


White South Equatorial Spot YI 


Date 

Transit 

Wt. 

Long 

Description 

Fig 

1888 

h 

m 





Mar 

23 

14 

25 

1 

71 4 

mL, B 

140 

Apr 

20 

13 

02 

3 

912 

Eather S, B, wh 

154 

May 

1 

14 

35 

dup 

90 1 

s, r 

162 

55 

4 

11 

40 

1 

98 6 

mL, vB, wh 

167 

55 

10 

15 

16 

1 

100 6 

L, eB, V wh 

170 

55 

11 

11 

01 

4 

103 4 

mL, eB, 7 wh 

171 

55 

13 

12 

06 

2 

99 9 

L, B, 7 wh 

174 

55 

15 

13 

13 

3 

97 5 

Eather S, B, v wh, oval 

177 

55 

20 

11 

21 

3 

1011 

mL, vB, 7 wh 

179 

>5 

27 

10 

21 

3 

931 

mL, yB, 7 wh 

186 

55 

31 

12 

36 

2 

951 

Eather S, mB 

189 

June 

14 

11 

16 

2 

96 8 

mL, mB, 7 wh 

196 

55 

30 

10 

50 

1 

93 6 

mL^ B*? 

201 

July 

16 

10 

25 

1 

89 9 

mL, mB, wh 

206 

55 

23 

9 

41 

3 

90 8 

Eather L, eB, nearly E 

209 

Aug. 

, 22 

8 

00 

2 

92 6 

mL, yB 

210 

I ” 

31 

8 

33 

dup 

95 4 

mL, yB, wh, E 

213 
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E-9 50 21 64 (397 rot.). A very bright and conspicuoas spot, at 
times almost (hsc-hke. A white spot was recorded on four nights nearly 
opposite to It m the central ri£t of the South Equatorial belt 


White Souih Equatorial Spot 711. 


Bate. 

Transit. 

Wt. 

Long. 

Bescription. • 

Fig. 

L888. 

Lily 16 .... 

h m 

10 60 

1 

105-2 

mL, mB. 


„ 23 ... . 

9 55 

dup 


mL, vB. 


ug. 22 .... 

8 20 

2 

104-8 

mL, B, wh. 



The observations do not extend over a long enough interval of time for 
the rotation-period to be derived with any exactness. 


JDarJc South Equatorial Spot 7111. 


Bate. 

Transit. 

Wt. 

Long. 

Besotiption. 

Fig. 

1888. 

lar. 21 .... 

h in 

14 62 

2 

8?-9 

S, P, inconspicuous. 

140 

ipr. 20 .... 

13 15 

4 

99-2 

Bather S, D, B. 

154 

lay 11 .... 

11 12-5 

3 

110-4 

S, D, E. 

171 

„ 15 ... . 

13 32 

3 

109-1 

lather S, vD, nearly E. 

177 

„ 20 ... . 

11 36-6 

2 

110-6 

S, D. 

179 

„ 25-.... 

9 26 

3 

102-2 

mL, vD, nearly E. 

184 

„ 27 ... . 

10 40 

2 

104-7 

mL, mD. 

186 

,, 31 ... . 

13 00-5 

3 

109-8 

mL, I), oval E and W. 

189 


9 29-5 

dup 

118-6 

mL, ml). 

193 

ulyie .... 

11 05 

2 

114-3 

mL, B, roughly E. 

206 

„ 23 .... 

10 24 

1 

116-7 

L, B, elong E and W. 

209 

LUg. 22 ... . 

8 50 

1 

123-1 

mL, mB. 

210 


60’” 25'‘T3 (376 rot.). A rather small but dark and usually almost 
round spot. The identification is certain, notwithstanding the gaps in the 
observations, as the adjoining spots render any misidentification unlikely. 
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White South Equatorial Sjpot IX 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

h 

m 





Apr 

4 . 

13 

28 

2 

93 3 

L, yB, y wh 

145 

}» 

11 

12 

50 

est 

98 6 

L, yB 


13 

13 

58 

1 

96 8 

mL, mB, y rouffh obs. 



20 

13 

26 

3 

105 9 

S, B 

154 

May 

1 

14 

57 

3 

103 5 

mL, yB, wh 

162 

95 

11 

11 

26 

2 

118 7 

S, vF 

171 

99 

15 

13 

44 

2 

116 4 

Eather S, mB 

177 

99 

20 

11 

53 

2 

120 6 

S, mB 

179 

99 

25 

9 

46 

3 

115 0 

mL, vB, wh 

184 

99 

27 

11 

02 

3 

1181 

mL, yB, wh 

186 

June 

1 

9 

12 5 

1 

123 2 

mL, yB 

190 

99 

3 

10 

21 

dup 

121 7 

mL, yB, y wh 

192 

99 

10 

9 

43 5 

3 

1271 

mL, vB, Y wh 

193 

99 

14 

12 

09 

1 

129 2 

mL, B, wh 

July 

23 

10 

53 

2 

134 3 

mL, vB 

209 

Aug 

22 

9 

14 

est 

137 8 

mL, vB, wh 

210 


E=9^ 50“ 29® 46 (341 rot) G-enerally a conspicuous spot, but there 
ere large yariations in brightness 


Ba^ Ic South Equatorial Spot X 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

h 

m 


o 



Apr 

20 

13 

55 

2 

123 6 

S, F 

154 

May 

1 

15 

26 

1 

1212 

mD 

162 


2 

11 

02 

3 

118 5 

mL, yD 

163 

99 

11 

11 

36 

1 

124 8 

S, mD Seeing bad 

171 

99 

15 

14 

06 

3 

129 8 

L, D, Y conspicuous 

177 

99 

20 . 

12 

04 

2 

1273 

mL, D 

179 

99 

25 

10 

07 

3 

127 8 

vS, eD, almost black, like the 

184 







sh of a satellite 

99 

27 

11 

21 

2 

129 7 

S, yF, inconspicuous 

186 

June 

1 

9 

35 5 

3 

1372 

mL, pear-shaped 

190 

99 

3 

10 

46 

4 

136 9 

mL, vD, Y conspicuous 

192 

99 

10 

10 

05 5 

4 

140 6 

mL, yD, E 

193 

July 

19 

8 

55 

1 

149 6 

S, D 

208 


E — 9^ 50“ 29® 98 (219 rot ) This spot underwent some rather extra- 
ordinary changes m size, shape, and intensity, or degree of darkness. 
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obskhvations oe individual spots. 


White South Equatorial S;pot XI. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

1888. 

h 

m 




Apr. 

13 .... 
20 ...; 

15 

14 

00 

15 

2 

2 

134- 6 

135- 8 

S, E, inconspicuous. 

S, F. 

May 

2 .... 

11 

25 

3 

132-6 

lather S, vB, v wh, oval. Time 


11 .... 

11 

50 



by dup transit =: 11^ 19™. 

11 

3 

133-3 

mJj, B, Vh. 

19 

15 .... 

14 

29 

1 

143-9 

mL, B. 

11 

20 .... 

12 

20 

2 

137-1 

mL, B, wh. 

11 

25 

10 

35 

3 

144-9 

mL, B, wh. 

11 

27 .... 

12 

04 

I 

155-9 

mL, B, V wh. 

June 

1 .... 

10 

00-5 

3 

152-5 

mL, mB, wh. 

11 

3 .... 

11 

15 

2 

154-6 

mL, B, wh. 

11 

10 .. .. 

10 

35*5 

3 

158-9 

mL, B, wh. 

11 

.17 .. .. 

10 

03 

3 

167-3 

mL, B, wh. 

July 

19 .... 

9 

22 

1 

166-1 

mL, vB, 


E^9 50™ 33*-28 (236 rot.). The spot was remarkable for its whiteness, 
and for the changes that occurred in its motion (see Plate VTTT ,). There 
were great fluctuations in size and brightness, as is usually the case with 
the bright equatorial spots. 


Darh South Equatorial Spot XII. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

1888. 

May 11 .... 

h m 

12 05 

2 

142-5 

mL ? not D ? 

„ 26 .... 

10 56 

3 

157-1 

mL, mD. 

June 1 . . . . 

10 22-5 

3 

165-9 

Not L, mD. 

„ 3 . . . . 

n 35 

2 

166-8 

Bather S, mD. 

„ 10.... 

10 57’6 

2 

172-3 

s,r. 

17 ... . 

10 20 

1 

177-6 

S, D, not easy. 


R=9*^ 50™ 64*'35 (90 rot.). This was an inconspicuous object, and it 
will be seen from Plate VIII. that the observations are all grouped together 
just about the time of the remarkable change of motion which afiected most 
of the spots in May. They are therefore incapable of furnishing the true 
period of rotation of the spot, but only the temporary and much longer 
rotation-period corresponding to the time of this temporary change. Com- 
paring the first and last observations we have for this period the value given 
above, which is nearly half a minute longer than what may be called the 
normal rotation-period of the South Equatorial spots in 1888, It cannot 
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be doubted that if the obseivations had covered a longer interval of time 
this spoti like the others, would have shown a much shorter period of 
rotation This is clearly indicated by Plate YIII Tins spot, it may be 
mentioned, is shown on drawings made on July 18 and Aug 25, though the 
transits were not observed, and its position on these drawings confirms the 
correctness of the foregoing statement The rotation-period of the spot, 
for the reasons indicated above, has been considered as abnormal, and has 
been excluded in forming the mean result for the South Equatorial Spots 


White South EquatOi %al Sjpot XIII 


! 

Date 

Tiansit 

m 

Long 

Description 

Pig 

’ 1888 

1 

h m 





Apr 29 

15 15 7 1 

2 

168 2 

mL, B, wh 

159 

„ 30 

10 52 ' 

2 

155 7 

mL, B, wh 

160 

Mav 2 

12 07 

o 

XJ 

158 2 

S, F Time by dup transit 

163 





= 12" Ol™ 


4 

13 20 

2 

159 5 

mL, B, wh 

168 

» H 

12 31 

3 

158 3 

mL, vB, wh 

171 

„ 20 

13 02 

2 

162 7 i 

Eather S, B, wh 

179 

„ 25 

11 17 

2 I 

170 5 ' 

Edther S, mB 

184 

J une 1 

10 48 5 

1 

1817 

vS, F 

190 

„ 3 

12 03 5 

3 

184 2 

mL, vB, wh. 

192 

„ 10 

11 20 5 

2 

186 3 

mL, mB, wh 

193 

V 17 

10 39 

2 

189 2 

mL, rather F, wh 

199 

j July 19 

10 02 

1 

190 5 

mL, vB 

208 

Aug 25 

i 

7 42 5 

3 

1^6*2 

niL, vB, wh 

212 


E=9^ 50*" 3P 13 (287 rot ) A fairly conspicuous spot, but the changes 
m brightness were considerable 


Baric South Equatorial Spot XIV 


Date 

Transit 

Wt 

Long 

Description 

Fig 

1888 

Apr 29 

h m 

15 36 7 

2 

171 0 

\S, yr 

159 

May 2 

12 27 

4 

170 4 

S, D, nearly R 

163 

„ 4 

13 45 

2 

174 8 

mL, mD 

168 

„ 20 

13 28 

2 

178 6 

mL, D 

179 

„ 23 

10 19 

1 

178 4 

vS,D 

182 

June 1 

11 07 

1 

193 0 

S.eR 

190 

„ 10 

11 38 5 

1 

197 3 

8, R. 

193 


For the same reason as that referred to under Spot XII , the observations 
of this spot are so distributed that they cannot give a good determination 
of the real period of rotation of the spot 




OBSBIITA.TIONS OF INDITIDUAI SPOTS. 


White SouHi Equatorial Spot XV. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

?ig. 

1888. 

Mar. 1 .... 

h m 

14 57 

1 

165*0 



Apr. 4 

16 31 

2 

168*3 

Not L, mB, V wh. 

145 

„ 14 ... . 

11 40*5 

2 

171-2 

L, vB, V wh. 

. 

„ 20 ... . 

15 26 

1 

179*0 

8, rather F, inconspicuous. 

155 

„ 29 .... 

16 55± 


182*2-4- 

ruL, B, oval, v wh. 

159 

May 11 .... 

13 09 

3 

181-5 

B, wh. 

172 

„ 13 ... . 

14 18 ■ 

1 

180-2 

L, B, conspicuous. 

175 

„ 20 .... 

13 60 

2 

192*0 

mL, vB, V wh. 

179 

„ 23 .... 

10 32 

3 

186*3 

mL, vB, V wh, disc-like. l 

182 

„ 25 .... 

11 37 

2 

182*7 

Rather S, mB. 

184 

June 1 .... 

11 18 

2 

199*7 

mL, rather F, wh. 

190 

„ 3 .... 

12 44 

2 

208*9 

mL, mB, wh. 

192 

„ 10 .... 

11 69-5 

3 

210*1 

mL, B, wh. 

193 

„ 17 . . . . 

11 08 

3 

206*9 

mL, B, wh. 

199 

„ 22 . . . . 

9 15 

3 

209*4 

mL, B, wh, nearly R. 

200 

July 1 .... 

9 49-5 

1 

214*9 

mL, vB. 

202 

„ 19 .... 

10 46 

1 

217-3 

mL, vB, nearly R. 

208 

Aug.25 . . . . 

8 19-6 

2 

218*8 

mL, B, nearly R. 

212 


E=9** 50"’ 30"*96 (431 rot.). A brilliant and well-defined spot, at times 
almost disc-like, so as to resemble a satellite when jnst entering on the 
disc of Jupiter. The observations are so well distributed and so numerous 
that there can be no doubt as to correct identification. 


Baric South Equatorial Spot XVI. 


■ 1 

Date. ] 

Transit. 

Wt. 

Long. 

Desoription. 

Fig. 

1888. 

May 2 .... 

h m 

13 03 

3 

192*3 

Rather 8, mB, nearly R. 

165 

20 .... 

14 06 

1 

201-7 

mL, mB. 

179 

„ 23 .... 

10 47 

3 

195-6 

Rather L, D. 

182 

' Juael7 .... 

11 19 

3 

213-6 

8, vB, R. 

199 

„ 22 .... 

9 35 

3 

221-6 

8, D, R. 

200 

July 1 .... 

10 06-6 

2 

225-3 

8, D. 

202 

Aug. 25 ; . , . 

8 37-5 

1 

•229-7 

mL, D, nearly R. 

212 


R=:9*’ 50“ 32**03 (280 rot.). Usually a rather small but dark and 
definite spot. It was so sandwiched between the two white spots XV. 
and XVII., both of which were better observed, that there can hardly be 
any doubt as to correct identification, notwithstanding the considerable 
gaps in the observations. 


m 


ZEXOGRAPHICAL PBAGMEKTS 


Wlnte South Equatorial S;pot XVII 


Bate 

Transit 

Wt 

Long 

Description 

Fig 

1888 

May 2 

h m 

13 18 

2 

2015 

S, P 

165 

M 4 

14 45 

2 

2114 

mL, B, wh 

168 

» 11 

13 42 

3 

2016 

mL, mB, wh. 

172 

„ 20 

14 25 

1 

213 3 

mL, B 

179 

‘ „ 23 

11 08 

3 

208 3 

mL, B 

182 

June 1 

12 03 

1 

227 2 

mL, rather 7 

190 

„ 13 

9 27 

2 

232 0 

mL, rather 7 

195 

„ 17 

11 34 

3 

222 8 

mL, B, wh 

199 

' „ 22 

9 52 

3 

232*0 

mL, 7 

200 

July 1 . 

10 19 5 

1 

233 3 

mL, B 

202 

j Aug, 25 

8 50 6± 


237 7ii- 

mL*^ mB*^ 

212 


E n 9^ 50^ 30® 56 (280 rot ) Esually rather inconspicuous Between 
this spot and the next white spot XYIII a dark spot was seen on two 
nights, namely on Aug 23 and Aug 25 On the former night this spot 
transited at 7^ 49”^ (est transit), the corresponding longitude being 243° 9 
It was also seen, probably, on May 23 


White South Equatorial Spot XVIII 


Bate 

Transit 

Wt 

Long 

Description 

Big 

1888 

Apr. 5 

h m 

12 45 

2 

225 4 

vL, B, wh 

146 

May 2 

14 05± 


229 9i: 

mL, conspicuous 

166 

,, 11 

14 36 

2 

234 6 

idL, B, wh 

172 

14 

11 16 

3 

227 8 

Eather S, B, wh 

176 

„ 23 

11 46 

3 

2314 

mL, B, wh. 

182 

JunelT 

12 07 

2 

242 9 

mL, B, wh 

199 

„ 22 

10 20 

3 

249 1 

mL, B, nearly E 
mL, mB 

200 

July 1 

10 54 5 

1 

254 5 

202 

„ 6 

8 56 5 

dup 

253 8 

mL, mB 

203 

Aug 23 

8 13 

4 

258 6 

mL, eB, a well def, nearly E disc 

211 


E— 9^ 50™ 27^ 96 (341 rot ) A bright and conspicuous spot, at times 
aknost disc-like 



OBSEEVATIOXS OJ* INDIYTJDUAL SJIOTS. 69 ’ 


Dark South Equatorial Spot XIX, 


Bate. 

Transit. 

Wt. 

Long. 

Description. 

Pig. 

1838. 

Apr. 6 . . . . 

h m 

13 10 

1 

240-7 

vs.r. 

146 1 

„ 7.... 

14 35-5 

1 

249-5 

8 , F. 

149, 

„ 26 ... . 

11 05 

1 

250-1 

8. 

156 

May 2 

14 33 

2 

247-2 

v8, vF. 

165 

„ 11 .... 

16 03 

3 

251-0 

mli, vD, conspicuous* 

172 

„ 12 ... . 

10 44-5 

3 

251-7 

L, D, 

173 

„ 14 .... 

11 40 

3 

247*9 

uiL, mD. 

176 i 

„ 23 .... 

12 15 

1 

249-1 

182 i 

June 1 .... 

12 41 

3 

250-3 

nvL, mD. 

190 i 

„ 22 .... 

10 42 

2 

262-5 

Father S, mD, 

2001 

July 1 

11 11-5 

1 

264-9 

S, F. 

202! 

6 .... 

9 15-6 

2 

265-4 

S, D, nearly E. 

203! 

A.ug.23 .... 

8 50 

3 

281-2 

L, D, V conspicuous. 

211' 


E=:9^ 50“ 25**58 (341 rot,). This spot offers a good illnstratiori of the 
changes which the equatorial markings so frequently undergo. Prior to 
May 11 it was stnall, faint, and inconspicuous, and thus it had appeared on 
May 2, But on the 11th of this month it was described as moderately 
large and very dark and conspicuous. Further considerable changes 
occurred later on. 


White South Equatorial Spot XX. 


Bate. 

Transit. 

Wt. 

Long. 

Description. 

I 

Fig-; 

i 

1888. 

h m 





Jan. 29 .... 

17 38 

1 

239-9 

mL, B, wh. 


Mar. 1 .... 

17 15 

1 

249-2 

Eather S, vB, v wh. 

l'39 

Apr, 3 

12 36 

2 

263-2 

Lj vB. 

144 

„ 7 .... 

16 02 

1 

265-7 

Bather S, If, wh, inc.>nspicuous. 

149 

„ 26 .... 

11 38 

3 

270-2 

L, vB, wh. 

156 

May 2 . , . . 

16 09 

3 

269-2 

Bather S, B, wh. 

1651 

„ 3 .... 

10 56 

3 

272-7 

mL, vB, wh. 

.166 

10 .... 

10 10 

1 

274-0 

1 mL, vB, V wh. 

170 ! 

„ 12 .... 

11 19 

3 

272-8 

mL, vB, wh. 

173 1 

„ 14 .... 

12 22 

3 

268-0 

mL, B, wh. 

176 1 

„ 23 .... 

12 50 

1 

270*5 

mL, vB, wh. 

182 1 

Junell . . . . 

9 20-5 

3 

271-5 

niL, vB, V wh. 

194 i 

„ 17 .... 

13 00 

1 

275-2 

mL, vB, V wh. . ... 

199^ 

„ 22 .... 

11 01 

2 

274-1 

mL, B, wh. .. . 

200 

J uly 6 .... 

9 34-5 

2 

277-0 

mL, B, ; • . / 

203 

Aug. 23 

9 12-5 

* • 

294-9 

mL, B, wh. Time ‘the mean of 
a dup atid an est transit. 

211 


R=z9'' 50“ 25"-87 (.504 rot.).. A very brilliant, well-defined, and con- 
spicuous while spot. 
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EENOGEAPHICAL EE.IGMEJSTTS 


Darh South EquxtO) uil Sj)ot XXI 


Pate 

Transit 

Wt ' 

Long 

Pesci iption 

Fig 

1888 

Mar 1 

h m 

17 41 

2 

o 

265 1 

mL, D 

139 

Apr 3 

13 07 

2 

282 1 

mL, mD 

144 

,, 5 

14 22 


284 6 

mL, niD, nearly P 

146 

„ 26 

12 05 

3 

286 7 

mL, not vD 

156 

May 10 

10 80 

1 

286 1 

Eather 8 ^ inconspicuous ^ 

170 

! » 12 

11 38 

2 

284 4 

Eather S, P 

173 

1 „ 14 

12 40 

2 

279 0 

!8,F 

176 

1 Junell 

9 38 

4 

, 276 0 

1 niL, vD, nearly E 

194 

1 » 22 

11 15 

1 

282 6 

1 8, P, inconspicuous 

200 

[ Julj 6 

1 

9 515 

1 

i 

1 287 4 

' 8, vF 

203 


E,_9^ 50“^ 18® 50 (309 rot ) An inconspicuous spot 


White South Equatoi lal Spot XXII 


Pate 

Transit 

Wt 

Long 

Pescription 

Pig 

1888 

h 

m 





Mar 

1 

IS 

08 

1 

2815 

mL, mB, elong E & "W 

139 

Apr 

26 

12 

22 

2 

2971 

L, A B, slightly oval 

156 

1 May 

1 

10 

29 

2 

300 1 

mL, B, wh, elong 

161 


3 

11 

51 

4 

306 8 

L, B, nearl\r E, wli 

166 

1 

1 ” 

5 

12 

55 

dap 

302 6 

L, eB 

169 

I „ 

10 

10 

55 

3 

3014 

Eather S, niB, wh 

170 

1 

1 ” 

12 

12 

06 

2 

3015 

mL, vB, wh 

173 

1 

14 

13 

12 

3 

298 5 

raL, B, wh 

176 

1 

1 

21 

12 

35 

3 

304 6 

mL, vB, V wh, oval 

181 

I J 

June 

26 

10 

43 

1 3 

308 2 

mL, vB, V wh, oval 

185 

2 

9 

55 

2 

307 4 

mL, B, wh 

191 

1 July 

! 

11 

10 

35 

est 

316 9 

mL, mB, wh 

194 

6 . 

1 11 

00 

3 

329 1 

mL, vB, wh 

203 


E,=9^ 50“ 31® 04 (309 rot ) This was a brilliant and conspicuous spot 
Prior to May 14 it was quite close to the dark spot XXI , but after this 
date the two spots gradually separated flora one another, a new w^hite spot 
making its appearance between the two, and this new spot being ultimately 
separated from XXII by a new intervening dark spot (see Plate YIII ) 
The following obsenations were made of the two new spots 



OBSEBVATIOK'S OP nTBIVIDUAL SPOTS, 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 




White Spot, 


1888. 

h m 





line 11 .... 

10 02*5 

2 

sofi 

znL, B, wh. 

194 

Illy 6 . . . . 

10 17 

2 

302-9 

Esther S, mB. 

203 




Dark S^wt, 


[ay 26 .... 

10 15 

1 

291-1 

itiL, mD. 

|185 

me 2 .... 

0 32 

dup 

293-4 

mL, D. 

191 

„ 11 .... 

10 18 

3 

306-5 

Esther S, rather E. 

194 

Lily 6 . . . . 

10 50 

3 

323-0 

Esther S, D, nearly E. 

203 

i 


Darh South Equatorial S^ot XXIII. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

1888. 

ar. 1 .... 

h m 

18 35 

dup 

298-0 

Seeing v bad. 

139 

„ 25 .... 

13 17 

4 

303-1 

S, eD, V well def. 

141 

pr. 1 .... 

12 31 

1 

303-2 

Seeing v bad. 

143 

„ 3 .... 

13 55 

3 

311-4 

Eather S, D. 

144 

„ 6 .... 

15 10 

3 

313-8 

mL, mD. 

14(? 

„ 26 .... 

12 66 

2 

317-8 

Eather S, E. 

156 

[ay 1 

10 59-5 

3 

318-7 

mL, D. Time by dup transit 

161 

„ 3.... 

12 14 

3 i 

320-8 

=10^ 63“. 
vL, rather F. 

166 

„ 5.... 

13 23 

4 

319-7 

L, vD, well def. 

i 169 

„ 10 ... . 

11 24 

3 

319-1 

Inconspicuous. 

170 

„ 12 ... . 

12 43 

3 

324-0 

Eather S, D, well def, nearly E, 

173 

„ 14 ... . 

13 56 

4 

326-4 

Eather S, D, well def, nearly E. 

176 

„ 21 .... 

13 01 

4 

320-6 

mL, D. 

181 

„ 24 ..... 

9 58 

2 

324-0 

mL, mD. 

183 

„ 26 .... 

11 05 

2 

321-6 

mL, mD, nearly E, 

185 

ane 2 . . . . 

10 28 

3 

327-6 

mL, D, nearly E. 

191 


EzzO** 50“ 28"*66 (226 rot.). Appearance very variable. 
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ZEK-OGBAPHICAlL FEAGMENrS 


Wli U South Equatomal Spot XXIV 


Tate 

Transit 

m 

Long 

Desciiption 

Pig 

1888 

Mar 26 

h m 

13 42 5 

4 

318 8 

mL, eB, v h, susp dup E and W 

141 

Apr 1 

13 03 5 

2 

323 0 

niL, nearly E, a close double 

143 

„ 3 

14 13 

3 

322 4 

with xxy 

Eather S, vB, E, disc-like 

144 

„ 5 

15 25 

2 

322 9 

mL, vB, wh 

146 

„ 8 

12 17 

2 

323 3 

mL, vB 

150 

„ 26 

13 12 

2 

327 6 

mL, vB, nearly K, the p spot of 

15b 

May 1 

11 15 

2 

3281 

a double spot 
mL, B, E 

161 

„ 10 

11 41 

2 

329 5 

S, E 

170 

„ 24 

10 20 5 

3 

337 7 

Eather S, vB, v \^h, disc-like 

183 

„ 26 

11 27 

4 

335 0 

mL, vB, V wh, v well def 

185 

June 2 

10 50 

3 

3410 

mL, vB, V wh, well def, nearly E 

191 

„ 16 

9 20 

2 

342 7 

Eather S, rather E 

197 

July 18 

9 00 

2 

354 5 

mL, vB, well def 

207 


50“" 29® 16 (280 rot ) This was the most piecedmg of two spots 
forming a remaikable double spot, the components being so close to one 
another that there does not seem to have been room for the usual inter- 
vening dark spot 


White South Equatorial Spot XXV 


Tate 

Transit 

Wt 

Long 

Tescription 

Eig 

1888 

Apr 1 

h m 

13 13 

2 

328 8 

The f spot of a close double spot 

143 

„ 

14 25 

] 

329 7 

S, not conspicuous 

144 

„ 8 

12 34 5 

2 

334 0 

mL, vB, V w'h, E 

150 

, 26 

13 27 

2 

336 7 

Not vL, vB, wh, nearly E 

156 

May 1 

11 3b 

2 

340 9 

Eather S, rather E 

161 


12 46 

4 

340 4 

mL, vB, slightly oval Time by 

166 

» ^ 

13 57 

4 

340 4 

double transit =12^ 51^ 5 
Eather S, eB, E, disc-like 

169 

„ 10 

12 00 

1 

3410 

Eather 8, E, inconspicuous 

170 

„ 12 

13 11 

3 

3411 

mL, vB, V wh 

173 

„ 14 

14 21 

4 

340 6 

mL, vB, V wh, a disc 

17b 

21 

13 34 

3 

340‘6 

mL, vB, V wh 

181 

,, 24 

10 38 

4 

348 4 

Eather S, mB, v \^h 

183 

„ 26 

11 45 

1 

346 0 

Eather S, rather E 

185 

June 2 

11 04 

2 

349 5 

Eather S, mB, v w h 

191 

„ 16 , 

9 33 3 

4 

350 8 

mL, \B, nearly E, wh 

197 

July 6 

11 42-4- 


' 354 8+ 

inL, B, m well deF 

203 

1 , 18 

i 

9 14 

3 

' 363 0 

mL, aB, wh 

207 



OBSEKVAITONS OF INDITIDTJAL SPOTS. 
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50® 27"*25 (263 rot.). This is the following component of the 
above-mentioned remarkable double spot. There were considerable fluctu- 
ations in the relative brightness of the two components of this double spot, 
and on one occasion at least spot XXIY. could not be seen, although it was 
specially looked for. Nevertheless the observations on the occasions when 
only one spot was seen do not suggest that the two spots were observed as 
one object, and the observations of both spots seem to be rightly identified 
as here given. 


SuMMAPT OP South Equatoeial Spots. 


Spot. 

Rot.-Per. 

No. of 
Eot. 

No. of 
Obs. 



h ra s 



Dark Spot 

I 

9 50 28-42 

280 

15 

White Spot 

n ........ 

9 50 29-18 

280 

22 

Dark Spot 

Ill 

9 60 27-60 

387 

22 

White Spot 

IV 

9 50 25-62 

397 

26 

Dark Spot 

V 

9 50 23-19 

397 

21 

White Spot 

VI 

9 50 21-64 

397 

17 

White Spot 

VII 



3 

Dark Spot 

vni 

9 50 25-13 

376 

12 

White Spot 

IX 

9 50 29-46 

341 

16 

Dark Spot 

X 

9 50 29-98 

219 

12 

White Spot 

XI 

9 50 33-28 

236 

13 

Dark Spot 

XII 

[9 50 54-35] 

90 

6 

White Spot 

XIII 

9 50 31-13 

287 

13 

Dark Spot 

XIV 



7 

White Spot 

XV 

9 7,0 30-95 

431 

18 

Dark Spot 

XVI 

9 60 82-03 

280 

7 

White Spot 

XVJI 

9 50 30-66 

280 

11 

White Spot 

XVIII 

9 60 27-96 

341 

10 

Dark Spot 

XIX 

9 60 26-68 

341 

13 

White Spot 

XX 

9 60 25-87 

504 

16 

Dark Spot 

XXI 

9 50 18-50 

309 

10 

White Spot 

XXII 

9 60 31-04 

309 

13 

Dark Spot 

XXIII 

9 50 28-66 

226 

16 

White Spot XXIV 

9 60 29-16 

280 

13 

White Spot 

XXV 

9 60 27-26 

263 

17 


Mean Eotation-Pbeioo op South Equatoeial Spots =9*" 50® 27*-85 
(21 spots). 


(v.) Thjbi Ebd Spot. 

Only the observations for longitude are considered here. Those relating 
to the appearance of the spot will be found in Section VII. The obser- 
vations for longitude are given below in a slightly different form to that 
used for the other spots, but the urrangeinent of the different columns 
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ZEIS-OGRAPHICAL PBAGMEN'TS 


Will be readily understood The longitudes are here again those o£ 
System II For the rotation-period I have relied entiiely upon the 
observations of the middle of the spot, as those of the two ends appeir to 
be peculiarly liable to systematic errois 


Ohsei vations of the Middle of the Jded Sj)Of 


Pate 

Transit 

Wt 

Long 

0-C 

Notes 

1888 

b in 



m 


Jan 29 

17 08 

1 

[353 5] 

[+61] 

Yeiy lough 

Mar 25 

13 17 

1 

349 5 

-05 


Apr 1 

13 58 

1 

346 7 

-5 1 


5) 3 

15 39 

2 

348 5 

--21 


„ 6 

13 11 5 

2 

350 5 

+11 


„ 20 

14 42 

1 

350 5 

+ 12 


May 2 

14 32 

2 

349 3 

-07 


» 10 

11 13 

2 

352 3 

+ 42 ! 

„ 12 

12 48 

1 2 

150 5 

+ 13 


„ 14 

14 24 

2 

319 3 

-07 


„ 19 

13 32 5 

2 

350 8 

+ 18 


„ 27 

10 07 

2 

349 2 

-09 

June 1 

9 12 5 

1 

3481 

-26 1 


10 54 

2 

350 2 

+ 08 ! 

„ 10 

11 37 5 

1 

349 1 

-11 


17 

12 24 

1 

349 6 

-04 



Fr — 9^ 55“^ 40® 58 (338 rot) The residuals 0—0 according to this 
period are given m the fifth column of the above table, the mean error of 
an observation being ±1”^ 7 (omitting the first observation of Jan 29, as 
this was a very rough one). The weighted mean time of transit of the 
spot for 1888, IVIay 21, is 15^ 09“ 65 (15 obs ), with a probable error of 
±0“ 36 , the corresponding longitude being 349° 75+0° 22 
It will be seen that the rotation-period of the spot in 1888 was almost 
exactly the same as that of the ephemeris (9^ 55“ 40® 63) The longitude 
of the spot at the end of the observations of 1887 was about 349°, 
according to my observations* This is very nearly the same as its 
longitude throughout the apparition of 1888, so that the observations of 
one year continue those of the preceding year, and hence do not tend to 
^nfirm the existence of the form of systematic error suspected by 
Phillips t In 188 i the rotation-period of the spot appears to have been 
slightly shorter than It was in 18S8, but the observations of the former 
year are particularly rough and unsatisfactoiy, owing to the abnormal 
prevalence of east winds in the spring and summer of that year The 
observations of the middle of the Eed Spot aie shown in chait foim for 
the purpose of comparison, in Plate IX ’ 

As already mentioned, the obsei rations of the ends of the spot appear 

» Z TOI 1 p 9t) t ZAe Ob.c, mtouj, lOOo, p 311 
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to be peculiarly liable to systematic errors. They have not therefore been 
used for deriving the rotation-period. Below will be found the observed 
times of transit of the preceding and following ends, together with the 
weights, and, in the last column, the difference between the times of 
transit of the two ends. 


Date. 

Transit of 
preo. end. 

■Wt. 

Transit of 
foil. end. 

Wt. 

Diff. 

1888. 

h m 


h m 


m 

Jan 29 



17 31 

1 





13 45-5 

2 


Apr. 1 

»j ^ 

— 

•• 

14 26 

16 08 

1 

2 

•• 

6 

12 40 

1 

13 38 

2 

58 


.. 

14 28 

1 

, , 

, 20 

14 ie 

1 

15 06 

2 

49 

»» 

May 2 


•• 

16 00-5 

2 

[ 

3 



10 66 

3 


»9 

10 

10 40 

1 1 

11 34 

3 

j 64 

12 



13 16 

2 

! 

» 

14 

1400 

1 V 

14 60 

2 

! 60 

20 

i .V 

9 48-5 

1 

! 

24 


; . . 

13 05 

2 

i 

,, £/-x .... 

27 

9 42 

' 1 

10 31 

2 

49 

June 1 I- 

. . 

9 43-5 

i 3 

i 

3 



11 22 

i 2 

i 

>» ^ 

10 

ii’io-5 

2 

12 06-5 

1 1 

i 

13 


9 34 

^ ■! 

63 


li '55 

2 

12 48 

1 

22 

.... 

, , 

11 68 

1 

• • 

July 16 

10 57+ 

•• 

.... 

• • 

• • 


Transits of both ends were observed on. seven nights. These give 52 7 
for the time of transit of the spot from end to end, corresponding to 31 9* 
This is somewhat less than the value derived from the oteervations of the 
;«^ns hamelv 57^-i, corresponding to 34"'7 *. No real change m 
the length of the spot is, however, probably indicated, the app^ntly 
u 4 . in hpinff due to the presence of the white patch e just 

ni the d^nition this white patch appeared to encroach upon 

end of the spot, thus producing an apparent shortening in the length 

rS! 

stsr.-l.TS 

* Z, K Tol. i. p. 08 . ■: 
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but there can be little doubt as to its reality, though it may be doubted 
whether it ever possessed quite the uniformity and regularity which it has 
been represented as having The white patch e was evidently a brighter 
portion of this annulus, and a few transit observations were made of it 
and are given below 


Wh%te, Spot € ^preceding the Red Spot 


1 — 

Date 

Transit 

Wt 

Long 

Descnption 

Pig 

1888 

h m 





May 27 

9 38 

2 

3317 

2 S B spots in contact nearly 
n and s 

186 

„ 31 

12 49 

2 

328 6 

mL, B, oval E and W 

189 

June 10 

11 00 5 

2 

326 7 

mL, mB, irr in shape 

193 

17 

11 44 

2 

325 4 

Bather L, B, elong E and W 

199 

„ 22 

10 43 

2 

3201 

L, mB, indefinite 

200 

July 16 

10 45 

1 

327 6 

L, mB, brighter condensation on 
f side in contact with Bed Spot 

206 


n,.™/ drawings show clearly that decided changes 

occurred in the appearance of the white patch At flist small, it gradually 
extended or brightened up in a preceding direction. There was^obablv 

rhowi "“If 1 ii“ t*’® drawings always 

S hpH ? the preoedinl end of 

the Eed bpot, and the variations in the longitude of the obiect shown 
by the observations were probably the result of its changes in size and 

fn 7 r® indefimti and irregular 

m outline, and not suited for exact obsenation As already mentioned 

his bright patch w^ evidently a brighter portion of the annulus sur- 

unlli^^oS compete as a 

^form oval ring in a drawing made by Professor E 8 Holden with the 

Son™ ouL’lS:. “■* • •«» 


(vi ) Thu South Thmpeeate Spots 

sSgJSo^ftiis Sr™ “f — 

so unfavourable in this yeai iharThey wer^ S/t to 

one exception no marking was folloLd fi and with 

rotetion-penodtobedetermmed ^'^fcciently <losely to enable its 

The exception is a curious oial daik spot, «hich seems to hare foimed 
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ftfc or near the southern edge of the Red Spot. It is remarkable as having 
a rotation-period abnormcdly short for its latitude. The observations of 
this spot have already been published and discussed in the Monthly Notices, 
vol. lix. p. 30 ; to which reference may be made for further information 
and reproductions of the chief drawings of the spot. But the observations 
for the sake of completeness have been repeated below. 


Baric South Temperate Spot L 


Oate. 

Transit. 

Wt. 

Long. 

Description. 

Fig. 

B8. 

14 ... . 

h m 

13 13 

3 

30§-4 

L, D, oval, reddish ? 

176 

21 ... . 

13 60 

1 

301-6 

L, an irr oval. 

181 

24 ... . 

11 20 

2 

302-1 

mL. 

183 

81 .... 

11 64 

2 

295-4 

L, mD, oval. 

188 


9 62-6 

3 

285-6 

mL, much elong, blackish 9 

193 

17 .... 


3 

281-3 

Not vL, much elong. 

199 

22 .... 

9 28 

4 

274-7 

mL, D, blackish. 

Km 

6 .... 


2 

265-2 

S, D, blackish. 


18 ... . 


2 

266-3 

Rather S, mD. 

KM 

23 ... . 

9 32 

3 

264-9 

S, D, m well def. 

II 


E=9^ 56“ 08*-2 (169 rot.). The residuals are ; — 


Date. 

0-0. 

Date. 

0-0. 

1888. 

m 

1888. 

in 

May 14 

-1*5 

June 17 

+1-1 

„ 21 

-0-2 

„ 22 

-8-1 

„ 24 

+ 4-4 

Jidy 6 

-5-5 

„ 31 

+2-6 

-0-8 

„ 18 

-1-3 

June 10 

« 23 

+4-6 


the mean error of an observation being +2“-6. 

This dark spot is interesting also for another reason. Although it 
cannot be directly identified with the great South Temperate Disturbance 
of 1889-92, owing to its abnormally rapid motion, yet this very motion, 
in conjunction with its compiaratively sudden formation or appearance, 
dearly indicates that this particular region of Jupiter was already in a very 
disturb^ state. Moreover, the longitude of the Disturbance or 1889-9'2 
calculated back to 1888 corresponds to the longitude when the spot S was 
in conjunction with the middle of the Red Spot, at which time the former 
and more quickly moving spot apparently made its first appearance. 

The observations of spot B have been plotted on Plate IX. The 
following three observations of other spots in the latitude of the South 
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T-emperate belt were also made —1888, Mar 25, 16'^ 12^ a dark spot 
(wt __1) , June 13, 10^ 07®^, a veiy small dark spot (wfc = 2 ) , June 30, 
y 13°", a small, moderately bright, very white spot (^t r=2) The two 
dark spots were on the South Temperate belt , the white spot on the south 
Side of that belt 


(vn ) The SouTHEsiir Spots. 

Definite, plain and easily observable spots are not common in the high 
southern latitudes of Jupiter, and 1888 proved exceptionally favoured, 
since two such markings were visible , one of them being, moreover, a 
double spot of a very characteristic appearance, so that there can be no 
uncertainty as regards its correct identification The observations of these 
two spots have been already published *, but they are repeated below for 
tne sake of completeness 


Baric Southern Spot a 


Date 

Tiansit 

I 

Wt 

Long 

Desci iption 

Fig 

1888 

May 5 
„ 10 
„ 15 
,, 19 
„ 24 

M 27 

June 3 
„ 13 

July 16 

h m 

13 19 

12 19 

11 12 

14 215 

13 26 

10 53 

[11 22-I-] 

9 23 

10 43 

2 

1 

1 

2 

2 

3 

36 4 

32 2 

23 7 

20 4 

17 6 

17 0 

[ 7 1±] 
358 8 

326 4 

L, D, not well def 

L, mD, not well deF 

Oval, darkish spot 
mL, D, m well def 
mL, mD, v badly def 

Not L, F, poorly def 

Not L, mD, not well def 

Two mL, mD spots lying nearly 
n and s on two broad D belts 
n spot slightly p the other 

169 

170 

177 

178 
183 
186 
192 
195 
206 


B_9» 65“ or 8 (174 rot ) The residuals are — 


Date 

0-C 

Date 

0-0 

1888 

May 5 
„ 10 
„ 15 
„ 19 
» 24 

m 

+ 09 
+ 17 
-4 0 
+ 15 
+3 7 

1888 

May 27 

June 3 
„ 13 

July 16 

m 

+ 65 
[-0 21 
-0 5" 

-9 1 


* A S Bd 139, col 211 


....A 
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the mean error of an observation being ^ somewhat large^ 

but there were spots on each of the two southern belts, and it is possible 
that sometimes one and sometimes the other of the spots may have been 
observed for longitude. 


DarTe Southern Spot h. 


Date. 

Transit. 

Wt. 

Long. 

Description. 

1888. 

h in 


0 

raL, rather D, m well def spot. ‘ 
Transit not well obs, owing 
to cloud. 

Apr. 20 .... 

12 39 

2 

276-2 

May 2 . . . . 

. 12 18-5 

3 

268*6 

mL, mD, m weD def, D tail nf. 

„ 12 ... . 

10 19-5 

est 

260-8 

mL, D, well def, D tail n susp. 

„ 14 .... 

11 61 

3 

256-8 

Bather 8, 1), well def oval spot, 
with a smaller companion n. 

„ 21 .... 

12 29 

2 

252-7 

Bather Li, D, well def, with 
either a companion spot or a 
D tail nf . 

„ 24 .... 

9 52 

2 

248-9 

Bather 8, E, blackish spot with 
a smaller companion n a 
little f . 

„ 26 ... . 

11 21 

2 

243-5 

Same as on the 24th. 

June 14 . . . . 

11 23 

y 

221-6 

Def V bad, no description.^ 

July 1 .... 

9 68-5 

1 

205-8 

s, mD, but only seen indistinctly 
owing to cloud. 


Fig- 


154 


181 


183 


185 

196 

202 


E=9^ 64"“ 58*-6 (174 rot.). Tbe residuals are : — 


Date. 


1888. 
Apr. 20 
May 2 
„ 12 
„ 14 
„ 21 


0-C. 


in 

-7-2 
+0-6 
[+4-4] 
+ 1-4 
+ 6-4 


Date. 

a 

0-0. 

1888. 

in 

May 24 

■f" 5*1 

„ 26 

-0-3 

June 14 

-4-3 

July 1 

-1-9 


the mean error o£ an observation being ±3 -4. This is again 

the motion of the spot does not seem to have been quite uniform, and m 

any case we should expect to find the observations of a spot so far south 

more discordant than those of one nearer the equator. It is 

that in poor seeing the two components of the double 

observed as one mass, but in good seeing the southernmost component on y 

M-as probably observed for longitude. 
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The spots a and h were each measured on one night for latitude, with 
the result that the southernmost spot of a was in latitude —41° 55 
(A= — 0 665), and spot h in latitude ~43°84 (A — 0 693) The latitude 
in the latter case is that o£ the middle of the southernmost and largest 
component of the double spot This double spot h was a remarkable 
object, there being a nearly round, well-defined, blackish spot, with a 
smaller and fainter companion spot north a little following it In pooi 
seeing the appearance was that of a single spot with a tail or train 
extending in a noith following direction (see Plate II fig 3) , but when- 
ever the seeing was good enough, the two components were seen clearly 
separated (Plate II fig 4) This peculiarity rendered the maiking a very 
characteristic one, so that the identification is absolutely certain The 
observations of the two spots a and I are plotted on Plate IX , in which 
the strong inclination of the paths of the spots indicates their rapid drift 
relative to the Bed Spot 


SUMMAET or SOTTTHBEIT SpOTS 


Spot 

Hot -Pei 

]sro of 

Rot 

No of 

Obs 


h m 8 



Dark Spot a 

9 55 01 8 

174 

9 

Dark Spot h 

9 51 58 6 

174 

10 


Mean Eotation-Period or Southern Spois= 9^ 55'“ 00® 9 (2 spots) 


t 
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SECTION VI. 

STJMMABY OB' BESULTS. 

A liTST of the different spots observed with their computed rotation- 
periods will be found at the end of each sub-section of the preceding 
Section whenever there is more than a single spot. Onlj the mean values 
have therefore been included in the following table. This table may be 
said to represent or constitute the eoneentrated essence of the present 
work. 


Table of Hean Besults. 


Latitude. 

A. 

Name of Spots. 

B. 

No. of 
Spots. 

60 to + 25 

+ *87 to + -42 

Northern Spots. 

h m B 

9 55 39*43 

9 

■ 25 to + 10 

+ *42 to + 17 

N. Tfop. Spots. 

9 55 39*92 

15 

■ 10 to 0 

-i- 17 to -00 

N. Equat. Spots. 

9 50 23*88 

27 

0 to - 12 

•00 to - ’21 

S. Eqnat. Spots, 

9 50 27*85 

21 

- 16 to - 28 

- *28 to - 17 

S. Temp. Spot. 

9 55 08*2 

1 

- 28 to - 45 

- -47 to - *71 

Sontbem Spots. 

9 55 00*9 

2 

- 12 to - 27] 

[- *21 to - *45] 

Bed Spot. 

9 55 40*58 

1 


Altogether 76 spots were sufficiently well observed to enable their 
rotation-periods to be ascertained with more or less exactness. The first 
column of the above table requires some explanation. The limits of 
latitude are in some oases not clearly shown by the observations of 1888 
alone, and consequently they have been partly fixed by assumptions bas^ 
on the observations of other years. Eor example, the northern hnut of the 
sone includine the South Temperate Spots has been made to correspond 
with the southern edge of the South Equatorial belt (—16°), although, as a 
matter of fact, there are ho observations in this particular yeM 1888 of 
markiMS in the bright zone between the South Temperate belt and the 
South Equatorial belt (the S. Tropical zone). But the assumption appears 
to be v^ranted, since observations made in 1889, and m many subsequent 
Tears, show that whenever markings are visible in the zone in question 
thev invariably move in unison with those situated on or near the South 
Temperate belt, the Red Spot, and other markings intimately rannecW 
therewith, Uke the white patch e, only excepted. For the great Equatonid. 
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current, it lias been assumed that the northern limit corresponded with tbe 
central nft of tbe North Equatorial belt, and the southern limit with 
tbe central nft of the South Equatorial belt It is unlikely that these 
adopted limiting values are materially incoirect, since tbe latitudes of the 
polar edges of tbe two equatorial belts have been exactly fixed by the 
micrometer measures It is certain that tbe boundaries of the different 
surface currents of Jupiter vary somewhat from year to year, and 
occasionally even in the same year ; and slightly, perhaps, in different 
longitudes of the planet at the same time The above table shows a gap 
between latitudes —12° and —16°, corresponding to the southerrmost 
half of the South Equatorial belt, no definite markings having been 
observed there in 1888 
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SECTION VII. 

OBSERVATIONS ON THE APPEARANOE OP THE RED SPOT. 

Thh following notes have been condensed and extracted from the 
ordinal records made at the telescope. After the date of the observation 
will bo found, in brsickots, the quality of the seeing according to the 
numerical scale described in Section L It has not been thought necessary 
to give this information in the tables of observations of the spots contained 
in Section V., because the effect of good or bad seeing has usually already 
been more or less discounted in the weights assigned to the transits at the 
time of observation, but it is very necessary in descriptions of the appear- 
ance^ of the markings, since this appearance is greatly influenced by the 
quality of the seeing. 

1888, Ian. 29, 17*^ 31® (Def.=i2). — ^The spot had a distinct though 
feeble reddish tint. The f. portion was plainer than the rest. 

Mar. 25, 13*^ 17® (Def.=3). — The spot seemed markedly darker on the 
sf. portion, and gave the impression of being in contact with a belt or dark 
material on. the south. A slight reddish colour visible. Later on, when 
the f. end of the spot was in mid-transit, a dark streak was suspected 
joining the f. tip to the f. shoulder of the Hollow. 

April 1, 13*^ 68® (Def.=2). — The spot gave the impression of being 
a dark ellipse, very feeble all round except on the sf. edge, where it was 
very dark. The interior of the p. half of this ellipse seemed to be very 
white, bub the f. half seemed darker and was of a distinct reddish colour. 
The dark belt on the sf. side of the Eed Spot was either in contact with or 
very close to the spot. A peculiarity was noticed on this night which 
seems worth recording. About the time when the p. end of the spot wns 
near the C.M. the f. end was of course rather near to the f. limb of the 
planet. The dark sf. border of the spot was then seen as a rather narrow 
but well-defined and very dark curved band. This band was very sharply 
defined. When the centre of the spot was in mid-transit this curved band, 
forming the sf. border of the spot, had become greatly enfeebled. Whilst 
when the f. end of the spot was on the O.M. the curved band was scarcely 
noticeable, and had quite lost its sharply defined appearance ; this being 
also the case when the f. end of the spot was some way past the C.M,, 
^This peculiarity would perhaps indicate that the interior of the Eed Spot 
was depressed below the level of the edges, or at any rate of the sf. edge. 

April 3, 15*^ 39® (Def.=4-6). — ^The outline could at times be traced all 
round. The np. part of the spot was paler than the rest and had a 
whitish tint, the remaining portion being fadnt reddish. The whole s. and 
flf. margin was darker than the rest. The s. edge of the spot was very 
near to a faint dark streak or belt on the south, but it did not seem to be 
actually in contact with it. 

April 6, 13*^ 11® (Def,=:3-4). — This was the most distinct view hitherto 
pbta.ined of the spot this year, and although the seeing was usually confused 

g-2 
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it was a faiily easy object with a marked reddish tint On the south the 
dusky markings came down very near to the s edge of the spot, but after 
a rather prolonged scrutiny I felt pretty sure that theie was actually a very 
narrow bright mteryal separating the s edge of the spot from any dark 
markings The s edge of the spot was well defined and slightly darker 
than the rest of the spot, except the sf margin There was a nariow* 
blight inteival between the f end ot the spot and the i shoulder of the 
Hollow 


April 20, 15^ 05”" (Def =:3-4), power 230 — The f end of the spot vas 
perfectly distmct, the sf and f margins being edged by a dark border, and 
at the extreme f tip were faint signs of the small dark spot often seen 
there in former years The red colour was quite distinct, particulaily in 
the dark border on the s and sf edges The spot seemed to be actually 
in contact with a short dark streak or belt on the south 

May 2 — The Eed Spot was closely sciutinised during its passage across 
the disc, the seeing being fairly good (Del rz4-5), and some sharp "views 
being obtained The p end of the spot was perfectly distmct in outline, 
although there were dusky markings apparently m contact with its sp side. 
The rest of the spot was fairly uniform in tint and also in intensity, except 
that the sf border was darker, but in best seeing the whole surface of the 
spot showed a complicated stiucture ot delicate details Once or twue 
the little daik spot at the t tip was thought to be visible On the south 
the Eed Spot seemed to be in contact with the dark markings there, but 
not with the darkest part of such markings The two darkest parts weie 
near the f end of the spot and towards its preceding end, and both these 
darker parts were certainly quite separated fiom the Eed Spot The 
reddish tint of the latter was quite plain, and it is interesting to note that 
the dark markings adjacent to its sf edge were also tinged with the same 
taint reddish tint 


May 10 (Def =3-4) The Eed Spot was closely examined during its 
passage across the disc The sf border w^as slightly though not much 
daxker than the rest The t one-third of the spot seemed pretty uniform 
in intensity and of quite a deep reddish colour But the p part seemed to 
show a large amount of delicate detail, of which nothing certain could be 
made out in the poor seeing usually prevailing 

May 12, (Def =2-3) —Spot seen in outline all round, but this 

was more difficult on the preceding portion The red colour was ver}- 
plain When the f end was in mid-transit, at 13"^ 15”^, the end was 
very sharp and plainly defined The spot seemed distinctly plainer than 
It had been in 1887, whilst the red colour was quite striking The s and 
sf margins were bordered by a darker edging The sou^h side of the spot 
was apparently m contact with a dark streak (the STB?) on the south, 
but this was not certam ’ 

May 14 (Def =^3) — The spot was carefully examined in the course of 
Its passage across the disc, and the seeing at first being fair, some points 
ox particular a narrow dark Leak 

■iff ^ or south of the Eed Spot was seen cluUnUly to cut 

oS or hide from viecy the extreme south edge of the spot Tim noith 
border of the streak was distinctly visible as a n i 

rfg. a,, .po. iJt wa btS 

further It is obvious from this that the streak mL have been above or 
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at a higher altitude than the south margin of the Eed Spot. The following 
portion of the spot was darker than the preceding portion, and was of 
quite a deep reddish or rather pinkish colour. The sf. margin was a little 
but not much darker, but the outline here could be very easily seen clearly 
and sharply defined. 

May 19, 13*^ 32“ (Def.=4-5). — Cloud nearly continuous. The spot 
seemed to be more uniformly dark than it had been, only the s. and sf. 
border being much darker than the rest. The red colour was very plain, 
pinkish rather than red, almost salmon-colour. 

May 24, 18^ 05“(De£.=4). — The following end of the spot was dark 
and sharply defined, the red colour of thib part of the spot being also 
strikingly conspicuous. Before the preceding end of the spot had reached 
the C.M. the detail about it was scrutinised closely, and at this time the 
seeing was sharp and steady for a time. The narrow dark streak (STB ?) 
in the latitude of the south edge of the spot was seen plainly from spot Sat 
least as far as the centre or middle oi the Red Spot. The north edge 
of the streak was straight, regular and sharply defined, and this edge could 
be seen as a straight unaffected line distinctly across or over the Red Spot, 
and apparently covering or hiding the south edge of the latter from view. 
This was a convincing observation, demonstrating that the dark streak was 
at a higher level than the upper surface of the Red Spot. 

June 1 (Def.=4). — The Red Spot was carefully examined during its 
passage across the disc with power 230. The following half was plain and 
w'ell-defined, the sf. border being edged by a darker line. The colour of 
this part of the spot was plainly reddish and nearly uniformly tinted. 
At the extreme following tip was a small blackish spot. The following 
shoulder approached very near to the following; end of the spot, and in 
unsteady definition it sometimes even seemed as if the lip were joined to 
the shoulder by a dark line. This was not really the case, however, for in 
best seeing a clear, bright, sharply defined space separated the two. 

June 3, 10*^ 54“ (Def.=4).— The outline could not be seen distinctly at 
the preceding end, and the interior here seemed lighter and as though 
composed of a rather complex and very delicate conglomeration of shadings. 
No reddish colour was visible for certain except near the f. end, the 
p. portion being whitish rather than reddish. At 11*^ 22“ the following 
end was in mid-transit, and this part was pretty well defined and the 
reddish tint was pretty decided. The sf. border was edged by a dark liue 
and at the extreme f. tip was a small blackish spot. 

June 10, IP 10“ (Def.=2).— The preceding end, at the time in mid- 
transit, was seen pretty well defined at times. The interior part of the 
spot seemed lighter, but this was not certain. Later on the little blackish 

spot at the f. tip was seen. ^ ^ j: u- 

June 13, 9^ 15“^ to 9^' 34“ (Def.=6).— The best time for making 
observations of the surface- markings of the planets is from one hour before 
to an hour or an hour and a half after sunset. The seeing is then usuidly 
at its best, whilst the daylight takes off all glare. Unfortunately it is only 
rarely that I have been able to observe at this time. The early part of the 
night of June 13th was one of these favoured occasions. The seeing v^as 
really good, and the view of the Red Spot then obtained was by far the 
best one of the whole apparition, though the preceding portion of the spot 
. was too far past transit to permit of this part being properly examined. 
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But the following half showed an unusually large amount of definite detail 
The appearance on this night is that repiesented in Plate I The powei 
used was The following points were particularly noticed — At the 

following tip of the spot was a small, pretty dark, dusky spot, and horn 
this point the whole st and south margins of the spot weie edged by a 
dark line, but this line was of veiy unequal intensity Near the daik spot 
at the f tip it v\ as plain, dark, and well defined, then it became quite 
faint and delicate , whilst at the south it again increased much in darkness, 
so as to form almost a separate detached spot Piom this kind of spot a dark 
streak (not shown in Plate I ) of feeble intensity extended southwards, and 
joined it to the belt on the south The following end of the spot appeared 
to approach very near to the following shonldei of the Plollow, but in best 
seeing a bright and perfectly neat and distinct space was visible separating 
the nf edge and i tip of the spot from the belt The interior of the Eed 
Spot was by no means distinct and was almost colourless It was plainly 
of irregular or unequal intensity, and in particular at the sf part, and 
bordered by the dark margin, there was an indefinite whitish patch (see 
Plate I ) The preceding portion of the spot was too far past the C M for 
a good view, but it seemed to be very delicate and colourless, and the 
outline w as not easily traceable 

June 17 — The seeing was too bad for a satisfactory view, but the little 
dark spot on the f tip w^as seen distinctly at times 

The observation ot J une 13th was so much more satisfactory than any 
of the others, that it seems preferable to rely almost entirely upon this 
observation alone in forming a description of the general appearance of the 
spot in the apparition of 1888 The chief points of interest are —(1) The 
little blackish spot at the following tip, (2) the definite, but %iTegul(ir 
edging or border to the sf margin , and (3) the presence of faint patches or 
spots in the inteiior of the spot Taking it altogether, the spot was 
ceitainly distinctly plainer than it had been m the previous apparition 
of 1887 
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SECTION VIII. 

OBSERVATIONS ON THE APPEARANCE OP THE BELTS. 

Plate I. shows the general arrangement and appearance of the belts in 
1888, as derived chiefly from the sketches and measures. The following 
are a few notes referring more particularly to the same : — 

1888, Mar. 25. — ^The South Equatorial belt about X 95° (System IL) was 
composed of two broad, reddish bands of about equal darkness and breadth, 
the rift between being distinctly visible. The North Equatorial belt was 
likewise composed of two bands of about equal plainness, but the rift 
was very much wider than it was in the S. Equatorial belt. 

April 4. — The Equatorial zone for some distance preceding X 180® 
(System I.) presented a most monotonous appearance. 

April 5. — Following spot W, the N. il^uatorial belt seemed to get 
much fainter. 

April 6, 16''. — For some time the Equatorial zone had presented great 
uniformity and monotony of character, no markings of sufScient distinctness 
to be observed being seen, and this notwithstanding that the seeing was 
pretty sharp at times. The 8. Equatorial belt (X 11. =100®) was composed 
of two fine, broad, reddish bands of about equal width and intensity, and 
the rift separating these two bands was perfectly clear and distinct. The 
white Southern spot a of 1887 was carefully looked for, but could not be 
seen, though distinct lighter and darker patches were visible near its 
probable position. These patches were too delicate to attempt to observe 
their transits. 

April 20. — The south component of the S. Equatorial belt was distinctly 
visible (X II. =276°), but was very faint. The region following the Eed 
Spot showed a highly complex arrangement of delicate markings, which 
would necessitate the planet being in a better position for their proper 
observation. The rift in the S. Equatorial belt following the Eed Spot 
WAS only just traceable. 

May 1. — The rift of the great S. Equatorial belt was visible with perfect 
ease and distinctness all along (X II. = 130°). 

May 2.— The South Equatorial belt at this place (X II. =230°) was very 
distinctly seen double, the rift being plain. The south component was, 
however, rather narrower and not so red as the north component. Some- 
times, in fact, it seemed to have a faint bluish tint. 

July 23.— The South Equatorial belt about Long. 300° (System TI.) was 
very plainly double, and the rift was apparently broader, as it was an easy 
feature. The two bands were of about equal breadth. 

Aug.-25.— The N. Equatorial belt (X IL = 140°) was considerably less 
conspicuous than the S. Equatorial belt. The latter was no more conspi- 
cuous than it hud been, or than it was in 1887. . 
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SECTION IX 

OBSERVATIONS OE THE COLOURS OF THE BELTS 

The following descriptive notes of the colours of the belts aie the actual 
records made at the telescope In more recent observations I have used 
a numerical scale to express the degree of redness of the belts and 
markings on Jupiter In this scale 0 signifies a complete absence of 
all red colour, and 10 the reddest markings ever observed upon the planet 
As an illustration of the last-mentioned degree of redness, the Eed Spot 
when at its luaximum plainness and redness, and the short intensely red 
streak visible on the South Temperate belt in 1891, may be instanced 
hollowing the verbal descriptions of the colours will be found in brackets 
what seem to me to be the probable corresponding degree of redness on 
the above-mentioned scale But it must be remembered that these figures 
were not assigned at the time of ob&ei vation, but eight or nine yeais after 
Also that at the time of the observations the importance of the exact degree 
of redness of the belts was not fully recognised Otheiwise, no doubt, the 
records would have been more numerous and more caiefully made 

It may be remarked that when both the equatoiial belts are nearly 
equally red, the relative degree of redness of the two belts can be ascribed 
with a high degree of accuracy, probably to within a tenth of a degree of 
the scale of redness, though the absolute values are at ail times much 
less exact 

1888, Mar 25 X = 95° The South Equatorial belt about this lon- 
gitude \\as composed of two broad, reddish bands The coiom was a soit 
ot rusty red The North Ei^iiatorial belt w^as likewise composed of two 
bands of about equal plainness The colour of this belt was likewise 

^ paler tint than that of the South Equatorial 

belt [NEB 1 = 2 , SEE r=4] 

April 6 \ 100 The South Equatorial belt was composed of two 

fine broad reddish bands [r=4] 

^P^^^ colour of the South Equatorial in this longi- 

tude, following the Red Spot, was very red [r=5] 

May 12, The south component of the South Equatorial belt lust 
preceding the Red Spot was narrower and fainter than the north one, 
and did not seem to have much colour about it Elsewhere, and especially 
just following the Eed Spot, both components of the belt were of a 
beautiful deep reddish colour The two bands forming the North Equa- 
torial belts were also of a fine deep reddish colour [NEB r=5 SEE 
r=6] ^ ’ 

July 23 X = 295°— The South Equatorial belt in this longitude was 
very plainly double The coloui of both hands, w hicJi w ere of about equal 
breadth, was strongly reddish [r=;5] 
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.ug. 22. X=45°. — The reddish colour of the South Equatorial belt was 
at as intense as at any time in 1888, and as it was in 1887 [r=6]. 

LUg. 23. \=200°. — The South Equatorial belt was the same as it had 
1 during the apparition and in the previous year* The colour (red) 
no deeper or more pronounced [r=5]. 

*he following little table gives the redness of the two equatorial belts 
)rding to the numerical scale referred to above, the mean date being 
8-4 

Eeditess of the Equatorial Belts. 


1888, Mar, 25 

NEB 

= 2 

SEB 

= 4 

Apr. 6 

» 

= . . 

99 

= 4 

„ 20 

91 

= . . 

99 

5 

May 12 

99 

= 5 

99 

= 6 

July 23 

99 

5= . . 

99 

== 5 

Aug, 22 

99 

= . . 

99 

= B 

» 28 

99 


99 

= 5 

Mean values : — NEB = 3-5 

(2 obs.) 

; SEB: 

=5-0 (7 

obs.). 


90 


ZENOaE^PHIGiL ERAGMENXS. 


SECTION X 


MISCELLANEOUS OBSERVATIONS 

(1) On the Form of the Sh^eow of Satellite III 

When observing Jupiter on the night of 1888, July 6, my attention was 
arrested by the peculiar form oi shape of the shadow of Satellite III , which 
uas then in coarse of transit across the disc of the planet The shadow 
at the time was slightly past inid-transit, and instead oi being round, it 
was considerably elongated in a north and south direction, or more exactly 
in a direction trom sp to nf (see Plate III fig 11) The shadow being 
near the north limb ot Jupiter, this departure fiom circularity was thought 
at first to be due to some kind of deception, analogous moie or less to the 
well-known “ black drop ’ appearance attending a transit ot Venus , and my 
attention being taken up with other objects, not much notice was paid to 
it However, when the shadow was beginning to pass off the disc, to my 
surprise it had the appearance depicted m PJate III fig 12 The shadow 
was even narrower in proportion to its length than it had been before, so 
that a long bright promontory or horn was formed at its preceding side 
The direction of the elongation appeared to be the same as before Power 
150 was used, and though definition w^as bad, yet at times sharp and distinct 
\iew^s could be obtained, so that the elongated shape was clearly not due 
To any deception The shadow, it should be observed, was not black all 
over, but had a sensible penumbra 

Although the reason for this peculiar appearance of the shadow did not 
occur to me at the time, yet the explanation of it is extremely simple It 
was due simply to the fact that, excepting about the times of opposition 
and conjunction, the Earth and Sun are not even approximately in the same 
straight hne wuth Jupiter The geometrical explanation ot the pioblem 
has been considered by Professor J M Schaeberle in the Astronomical 
^urml yo\ xm p. 146 , and by Mr C T Whitmell m the Journal of ihe 
Bntwh AstTO^^e^dAssocultlon,Y6^ vm p 32 The latter has particularly 
considered the circumstances attending the transit which I observed in 
1388, with the result that, “at the beginning of transit, the width of the 
shadow at the E limb would be about 3681 miles, and, at the W limb, at 

c being pretty constant 

at about 2819 miles The theoretical width of the shadow at the end of 
the transit would therefoie have been only about | of the height Since 
the above observation I have frequently noted the non-eircular shapes of the 
shadows of the satellites But what is really remarkable is that a pheno- 
menon so easily observed should so rarely have been noticed 
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(2) OCCULTATKW EbABPBAEANOB OP SATELLITE II. 

For various reasons I have seldom paid attention to the observation of 
the phenomena of the satellites. For some reason or other, however, the 
oocultation reappearance of Satellite 11. on the night of 1888, May 5, was 
recorded as under : — 

14-M-Gr.n... p. J 320. Ii„b very «.rte.dr. 

The Nautical Almanac time of reappearance is 14^ 65”'. 
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SECTION XI 

THE EQUATOEIAL WISPS OR STREAKS 


The dark stieaks, or wisps as they have been termed, crossing the blight 
Equatoiial zone have attracted much attentioa dining the last tew years 
One observer m particular, Mr Scnven Bolton, of Leeds, has particularly 
studied these markings, and a remarkable iinitormity in the arrangement 
of the wisps as described by him has been the subject of considerable 
controversy The conclusions of this diligent observer, who seem& to have 
been most successful m detecting the wisps, have apparently been sum- 
marised m a short note published by him in November 1906, entitled A 
Note on tbe Equatorial Uniform Markings,” accompanied by two charts 
and 12 beauti tally executed drawings Reference to this valuable note 
should certainly be made by anyone engaged in investigating these wisps, 
and the other mai kings with which they seem to be connected * 

Shortly, the conclusions come to Jby Bolton may be stated as follows — 
On the north side of the South Equatorial belt are 24 dark spots ananged 
at nearly exactly equal distances round the planet, and on the south edge 
ot the North Equatorial belt a similar number of daik spots are also 
ai ranged at nearly exactly equal distances apart Erom each of the last- 
mentioned spots two dark wisps proceed, one in a south preceding direction 
to a dark spot on the north side of the South Equatorial belt, and the other 
m a south following direction to another dark spot on the north edge of 
the South Equatorial belt These wasps mvaiiably make an angle ol about 
45° to the equator of the planet Since by this arrangement one wisp is 
always ciossed by anothei one near the equator, the net lesult is that the 
bright Equatorial zone is appareutly crossed by a series of X-shaped 
streaks regularly arranged The appearance is consequently roughly 
something like this— XXXXXXXXXXX —the dark spots on the equatorial 
edges of the dark belts lying between the crosses Since the dark spots 
are said to be at equal distances apart, the crosses aie likewise regulai 
and at equal distances, and consequently the whole appearance has a most 
unnatural uniformity. The opposite daik spots, occupying nearly similar 
longitudes, are, however, said to be ‘‘ never linked directly together by the 
wisps, because the latter invariably branch out from the 8 spots at an 
angle of about 45° to the Equator, and terminate in the N spots, whose 
longitudes are intermediate to those ot the S belt ” 

Since the equatorial wisps were observed to some extent both m 1887 
and 1888, it will be interesting to see how far the observations ot these two 
years tend to confirm the remarkable uniform system of wisps described 
by Bolton. For the observations of 1887 reference may be made to Yol I 

* I am indebted to Mr Bolton for a copy of this valuable note, which was apparently 
privately printed Many other observations and diawings on the subject of these 
apparently uniform markings have also been published by this observer m the Enqlibh 
Mcchmuc and in the Journal of the British Astronomical AsbOGudimi 
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of these * rrngnients/ p. 54, and the Chart, Plate L It 'will be seen from 
the latter that there were 10 wisps seen extending in a north folio \\ ing 
direction from dark spots on the north side of the South Equatorial belt 
to the North Equatorial belt, and generally to a spot on the latter belt. 
Roughly they may be said to make an angle of 45® to the planet’s equator. 
There were also two dark wisps running nearly due north and south, and 
joining opposite spots occupying nearly similar longitudes. 

In 1888 (see Plate I.) there were nine or ten of these oblique wisps seen 
extending in a north following direction from dark spots on the north side 
of the South Equatorial belt to dark spots on the south side of the North 
Equatorial belt. But a great development had taken place in the number 
of the wisps having approximately a meridional direction. There are also 
at least two wisps which may be said to extend in a north preceding 
direction from spots on the north edge of the South Equatorial belt to spots 
on the south edge of the North Equatorial belt, and making roughly an 
angle of 45° with the equator. 

Comparing the system of wisps as observed in 1887-8 with the exquir- 
sitely executed drawings and charts of Bolton, we shall see that there is a 
close general agreement with respect to the direction and appearance of the 
oblique wisps. The oblique wisps of the Chart of 1887 may be said to 
represent one half of the system of wisps described by Bolton, bearing in 
mind that this observer has delineated a much larger number of wisps. 
The Chart of 1888, again, may be said to show not only this half of the 
system, but in part also the other half of the interlacing system of wisps, 

" But when we look into details we find that the wisps as seen in 1887-8 
lack the extreme uniformity of aspect described by Bolton. There are 
considerable differences in the angles which the various wisps make with 
the equator, and the spots, whether on the north or the south side, are 
more irregularly placed. The only conclusion possible is, that while my 
observations of 1887-8 fully confirm the existence and general appearance 
of the wisps as represented by this observer, yet they fail to confirm, or 
rather may be said to neg.‘iti>'e, the extreme uniformity of arrangement 
and aspect described by him. In one respect, moreover, namely in showing 
the existence of wisps having a nearly meridional direction, they are directly 
opposed to his observations and conclusions. It by no means follows, 
however, that the meridional wisps are always visible, and in fact in 1888 
it was only in the latter part of the apparition that they attained to great 
importance. But of the real existence of the oblique wisps and their 
roughly regular arrangement thvrre can be no doubt whatever, notwith- 
standing that this arrangement does not attain to the extreme uniformity 
and regularity claimed for it by Bolton. It is possible, too, that the 
appearance of regularity may be much more striking in some years than it 
is in others. It should be mentioned here that the detection of these wisps 
is largely a matter of practice, and their visibility is to a large extent inde- 
pendent of the size of the telescope used. An observer whose eye is out 
of practice will very likely fail to distinguish all hut a few of the plainer 
wisps. My experience also agrees with that of Lowell as to the wisps 
having no resemblance to the dark streaks on Mars commonly known as 
“ canals,” or at any rate to the narrower and more definite canals. 
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SECTION XII 

ON THE RELATIVE ALTITUDES OF JOVIAN MARKINGS 

It is not intended heie to go at all deeply into the important question of 
the relative altitudes of the different light and dark markings visible on tlie 
surface of Jupiter, In fact I should not have consideied the matter at all, 
were it not for the fact that Section VI of Volume I had been devoted to 
the sub]ect, so that it seems desirable to say a few words giving some ide<i 
of my later views about the matter 

The old idea was that the light regions represented the upper surface of 
a cloud envelope, brightly illuminated by the Sun, whilst the dark markino-s 
were due to gaps in this cloud envelope, permitting the solid and darker 
surface of the planet to be seen This view would imply that the lio-ht 
markings are invariably at a higher level than the dark ones Jn 
Section VI of Volume I. and elsewhere I have given leasons, however for 
believing that this view is au eironeous one, and that the dark markincrs 
are, in many cases at any rate, due to the presence of actually darker or le»s 
reflective material, and are at a higher level than the white ones 

Subsequent study has led me to somewhat modify this view of the 
matter, and it now appears more likely that there is comparatively little 
difference in level between the upper surfaces, or the surfaces that we 
perceive, of the two kinds of markings If wq consider the more important 
surface currents— the Equatorial Current, the North Tropical Current and 
the South Temperate Current— the evidence seems to show that these 
great currents flow side by side almost, if not quite, in actual contact with 
adjoining currents moving with different velocities*, and at not verv 
greatly differing altitudes, so far as their upper surfaces are concerned 
The observations seem stronglv to suppoit this general view of the matter 
adopting which it is not difficult to explain satisfactorily many of the moie 
important features and changes of the visible surfHce of the planet We 
can see, for example, how an accumulation of bright material in a w hite 
zone might easily have sufficient weight or power to break into or throuo'h 
a weak place in a dark zone, the material of which moves at a diffeient 
velocity By virtue of such different velocity, tlie white encroaching 
material would be drawn out into a comparatively narrow stream pene- 
trating, usually more or less obliquely, particulaily at first, into the dark zone 
Hence we get an explanation of a very common feature — the numerous 
narrow bright rifts or channels penetrating moie or less obliquely into the 
dark belts irom the adjacent light zones 

* There may sometimes be a narrow region between two adjacent currents w which 
,the material moves at an intermediate rate For exam ole MoleqwnrfVi’o 1 
indicate that the spots m the great central rift of the So u^th' Equate rial\elt^som?^^^^ 
S?7rUt ^ between that of the Equatorial Current and the Red Spot 
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In fl samewhafc similar manner it is not difficult to explain the forma- 
tion of some of the narrow dark streaks- It is only necessary to imagine 
an eruption of dark material in the North Tropicsal zone, just at the border 
of the great Equatorial Current, to explain the formation of. the celebrated 
“ Slant Belt of 1860. It is easily seen how in such case the dark 
material of the eruption might be rapidly drawn out into a long streak, 
which would at first be a slanting streak, such as was actually observed in 
1860. 

Although the general or average upper surfaces of the light and dark 
markings appear to be at not greatly differing altitudes, it is probable that 
the darker spots, and po«^sibly sometimes the brighter spots also, may be at 
a considerably higher altitude above this general or average surface- ^ It is 
also possible that some of the small, intensely dark, red spots occasionally 
seen at the northern border of the North JBquatorial belt may have been 
due to clear spaces in the atmospheric envelope of the planet. Their aspect 
at any rate suggests this, though it is very necessary in celestial observations 
to beware of appearances, above all, perhaps, where planetary markings 
are in question. The dark streaky material of the present South Temperate 
Disturbance would appear to be at a higher altitude than the average bright 
surface of the South Tropical zone. 

As already stated, however, it is not intended to go at all de^ly into 
this important subject at present, and the foregoing remake are intended 
chiefly to show the direction towards which more recent views are tending, 
rather than as an indication of any fixed or definite theory or hypothesis* 
Moreover, any such hypothesis is certain always to be largely a matter of 
opinion, and of a more or less speculative character, and speculative 
hypotheses and considerations do not appeal much to the simple observer. 
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SECTION XIII 

THE PBINCIPAL GREAT SURFACE CURRENTS OF JUPITER IN 1887-8, 
COMPARISON WITH LATER RESULTS 

Pi<ATE IV shows in diagram form the chief surface currents of Jupiter as 
derived from the observations of the two oppositions of 1887 and 1888 
The observations of the two years have been combined chiefly for the reason 
that the only spot m the South Temperate Current observed in 1888 was 
the abnormal spot so that a misleading impiession might have been 
produced if the results of the last-named year alone had been taken into 
consideration. 

The nature of the diagram will be easily understood Most of the 
markings on Jupiter have a rotation-period appioxiinatmg roughly eithei 
to System I or to System II of Marth’s Ephemens The latter system, 
which practically conesponds to the rotation-period of the Red Spot, is 
tnken as the standard ot comparison Roth the spot and all other regions 
of the planet bavmg a similar rate of rotation or dritt are indicated by 
round dots The direction and velocity of the drift ol the other surface 
currents relative to the Red Spot are indicated by the direction and length 
m the arrows in the diagram But the arrows representing the great 
Equaton^ Current are not on the same scale as the others, but are almost 
necessarily relatively much shortened. The arrows representing the 
Equatorial Current if on the same scale as those indicating the extra- 
^natonal current® would he about equal in length to the equatorial 
diameter of the planet The actual observed rotation-periods^ of the 
different cumnis, as derived from the observations of 1887-8, are shown 
on the left-hand side of the diagram, whilst on the right-hand side are the 
nam^ given to the difcerent currents 

Tte situabons and teundanes of the currents ^^lth respect to the belts of 
Japit^arc also indicated in the diagram It should b^ mentioned, how- 
w! W f eT «e necessardy somewhat approisnnate, and, as 

W ^ knowledge acquired m subsequent years 

particularly applies to the 
^nth Temperate Current IS^o spot was observed m the bright South 
Tropicd ^one either in 188/ or 1888, with the exception of the Eed Snot 
and details m conr^tion with it But observations m many subslSnt 
years have shown that the markings m this zone, with the exception a bo”e 
mentioned, invanably mo\e at practically the same nte e * j 

.. tke S«„l. w. , i that .. 

• U 18 oomrmwnt to bear in mmd that a difference of I»9 m the * 
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It has been assumed likewise that the southern limit of the great 
Equatorial Curi*eut was at thei central rift of the double South Equatorial 
belt, and the northern limit at the central rift of the double North Equa- 
torial belt. This is certainly very near the truth, though there is evidence 
to show that the limits of this current vary to a certain extent, not only in 
absolute latitude, but also in relation to the dark belts. Moles worth’s 
observations indicate that the spots situated in the central i*ift of the 
South Equatorial belt move sometimes at a rate intermediate between that 
of the Equatorial Current and the Bed Spot Current. This might well be 
the case if the rift is at the borderland between the two currents. 

There is* not so much justification for marking the southernmost com- 
ponent of the South Equatorial bcilt the same as the Bed Spot. No 
definite spots were observed in it either in 1887 or 1888, and the presence 
of the Hollow in the belt opposite to the Bed Spot does not necessarily 
justify it, since the dark material of the belt might well pass round north- 
wards, following the curve of the Hollow, supposing it to drift at a different 
rate. But whenever definite spots have been observed on the southern- 
most band of this belt they have always shown a motion very similar to 
that of the Bed Spot. 

Since the date of the present series of observations, an enormous mass of 
valuable material has been accumulated, chiefiy by the praiseworthy labours 
of Barnard, Bolton, Comas Sola, Denning, Hough, Lau, MacEwen, Moles- 
wortb, Phillips, H. Struve, and other observers, so that it may be useful to 
bring together here for purposes of comparison the chief determinations of 
the rotation-periods of the different surface currents. I confine myself 
here to the currents actually observed in 1887-8, and generally, for the 
reasons already indicated, have only included determinations Ixmd on a 
comklerahle number of spots. A few others based on only three or four spots 
have been included, either because there is no other determination in the 
year in question, or else for the purpose of comparison, or for some other 
reason. The various determinations are treated below under the heads of 
the different surface currents to which they relate. It is not claimed that 
the lists are complete*, though it is believed that not many really reliable 
determinations, based upon a number of spots, can have been omittecL 
And no attempt is mode here to critically examine the mass of material 
now brought together, although such critical examination seems to be both 
desirable and necessary. Its necessity is indicated by the existence of a 
systematic difference between the results of Denning and Moleswo^h, 
referred to later on, and by the following difference l^tween the results 
of two observers: — For tbe opposition of 1904-5 Moleswotth deriv-^ 
a rotation-period of 9^ 66“ 53**97 from 9 spots at or about the soiita 
edge of the South Equatorial beltt; for the same opposition Bolton 
found a period of 9*" 65“ 20*'7 from 21 dark spots on the south edge of 
the same belt t. It is clear from this that there must have bin a 
complete mis-identification on the part of -on© or both observers. As a 
matter of fact, the little dark spots or projections on the south edge of 

* Some more recent determinations have lately been published in the Mm. JB. A JL 
vol. xvi., too late to bo included in the present lists. 

t AT, K. voL Ixvi. p. 103. . . , 

j Mem. B. A. A. vol. xiv. p. Si 


S 
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the South Equatorial belt aie difficult to observe, owing to their minute 
size, and very easily mis-identihed, owing to their striking faixiil> resem- 
blance Besides which they aie sometimes subject to sudden changes 
This illustration also selves well to point out the great impoitance of the 
publication m some foim or other ot all the tndtvidual ohset vationSf without 
any attempt at selection or rejection on the part of the observei It is 
open to any one to reject a puhhshed observation, but it is verv desirable 
that every observation should be published, however discordant it may 
appear to be 

It should be mentioned that in a few instances the figures given in the 
following tables were obtained by combining the results deiived from two 
or three different zones of spots, giving neaily identical lesults, and there 
not being sufiBcient leason for believing or treating them as indicating 
di^mct currents or sub-currents A mean derived ui this manner might 
diner slightly from the mean ot all the individual spots It is quite possible, 
however, that further observation may show clearly the existence ot such 
sub-currents as more or less permanent features ot the planet This is 
particularly hkely to he the ease in the northern hemisphere ot Jupitei, 
north of the North Tropical zone 


The Northern Current 


Year 

itot -Per 

No of 
Spots 

Authority 

1888 

1898 

1899 

1899 

1900 

1903- 4 

1904- 5 
1906-7 

li m 8 

9 65 39 43 

9 55 52 0 

9 55 56 9 • 

9 55 06 41 

9 55 39 6b t 
9 55 45 7 1 

9 55 50 8 

9 55 41 16 

9 

2 

8 

6 

41 

23 

91 

9 

"Williams, if Tol 11 25 

Phillips, M iV vol li\ 88 

Phillips, M iV vol lx 222 

Molesworth, M N vol Ixv 701 

Molesw orth, N vol Ixv 701 

Denning Mem B A A \ol xiv 83 
Bolton, Mem B A A vol xiv 82 

I Phillips, M M vol Ixvii 524 


The average rotation-penod is 9^ 55“ AV 51, which is verv nearlv th^^ 
^me as that of the Bed Spot. But it is noteworthy that in some veais 
o or three <ii^mct sub-currents were observed This was verv stnkmo-lv 
the case in 1900, when there were three sub-currents prlsentr^^^^ 
from 9^ 55“ 19^12 to 9^ 56“ CO* 21, a difference of Ip iroS vearf m 
3888 m partic^r, the drift of the surface material was practically uniform 

klittudey N ^ to 


ranging from 9*^ 55^9-12 m Polar r^on to^ 56“* (^*2TatThrOTTT''^"’ 

i Two distinct Bub-zones or sub-currents are indicated, --a at cne JN JN AB 



PRI^"CIPAIi GREAT STJEFACE CURRENTS OF JUPITER. 


. 99 


The North Tropioatj Current. 


Tear. 

■ 

Rot.-per. 

No. of 
(lipots. 

Authority. 

1887 

h in B 

9 55 34-5 

2 

Terby, Third Memoir. 

1887 

9 55 36-49 

17 

Willkma, Z. F. vol. i. 111. 

1888 

9 65 39-92 

15 

Williams, Z. t\ vol. ii. 40. 

1890 

9 55 34-5 

5 

Hough, M. N. vol. Hi. 414. 

1894-5 

9 65 32*7 

10 

Hough, A. N. 3354. 

1894-5 

9 65 35-0 

9 

Denning, M. N. vol. Iv. 476. 

] 896-6 

9 66 33-0 

2 

Hough, M. N. vol. lx. 6.50. 

1897 

9 55 31-6 

6 

Hough, M. N. vol. lx. 551. 

1898 

9 55 26-3 

3 

Denning, M. N. vol. Iviii. 481. 

1898 

9 55 26-67 

6 

Molesworth, M. N. vol. Ixv. 701. 

1898 

9 55 26-8 

3 

Hough, M. N. vol. lx. 561. 

1899 

9 56 28-0 

25 

Phillips, M. N. vol. lx. 222. 

Denning, M. N. vol. lix. 672. 

1899 

9 55 28-8 

16 

1899 

9 55 29-1 

3 

Hough, M. N. vol. lx. 551. 

1899 

9 55 30-83 

21 

Molesworth, M. N. vol. Ixv. 701. 

1900 

9 55 30-0 

17 

Denning, M. N. vol. Ixiii. 333. 

1900 

9 65 30-4 

10 

Comas Sold, A. N. 3671. 

1900 

9 55 30-47* 

20 

Molesworth, M. N. vol. Ixv. 701. 

1901 

9 65 29-72 

28 

Molesworth, M. N. vol. Lxv. 701. 

1901 

9 65 32-1 

4 

Comas Sold, A. N. 3772. 

1902-3 

9 55 26-72 

13 

Molesworth, M. N. vol. Ixv. 701. 

1902-3 

9 65 29-8 

10 

Denning, M. N. vol. Ixiii, 333. 

1903-4 

9 65 29-90 

13 

Molesworth, M. N. vol. lxv..70l. 

1903-4 

9 56 31-6 

38 

Bolton, Mem. B. A. A. vol. xiv. 82. 

1903-4 

9 65 31-9 

3 

Denning, Mem. B. A. A. vol. xiv. 83. 


The average rotation-period is 9^ 55“ 31**07. This is the simple mean 
of the above 25 determinations, each of w*hich is based on a number of 
spots. There has clearly been a systematic change in the length of the 
period, though whether such change may turn out to be ultimately of a 
periodic nature or not is uncertain at present. The period reached a 
maximum of length in 1888, when it was very nearly as long as that of the 
Bed Spot. From this date it seems to have decre*^, more or less con- 
stantly, to a minimum about ten years later, after which there WS^ a «j0w 
but steady increase in the length of the period. Gf-enerally ^ separate 
determinations by different observers in the same year ate in satisfaetory 
agreement. The three determinations by Dennings Moiesworth, and 
Hough, for example, in 1898 agree within a fraction of a saoend. So do 
the three by Denning, Comas Sold, and Molesworth in 1900, OecaHionally 
we find differences amounting to two or three seconds, but $dch differences 
must be expected to occur sometimes, and they can have m inflimnee upon 
the conclnsions to be drawn. Vith the single exception of 1888, the 

* Six other spots in the North Tropical Zone gave a period of ^ 6&“ 21**46. This 

Molesworth considered as ** abnormal.” 
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!^n ^ decided drift lelative to that of 

IviTif to hand, and to that of the region 

consfrlf^rpH f cuneiit must certainly be 

considered to be a ^eimaneni feature of the planet ^ 

The Equatorial Cureent ("Noeth) 


Year 

Pot -Pei 

No of 
Spcts 

1887 

h 1(1 s 

9 50 40 06 

5 

1888 

9 50 23 88 

27 

1899 

9 50 28 2 

4 

1901 

9 50 25 29 

44 

1902-3 

9 50 41 97 

3 

1904-5 

9 60 28 6 

24 

1906-7 

9 50 41 8 

18 


Authority 


Williams, Z F vol i 111 
Williams, Z F vol n 55 
Comas SoU, A N 3596 
Molesworth, M N vol Ixv 701 
Molesworth, M N vol Ixv 701 
Bolton, Mem 3 A A vol xiv 82 
Phillips, M JSr vol Ixvii 524- 


drift of thl nortl! ^ ^ that considerable diffeiences occur m the rate of 
oUhe loutbZ 1 of \he great Equatorial Current relative to that 

ot the southern or mam part of the same current, but theie aopears to be 
no permanent difference, so that we cannot consider this northLn portion 

prohabS mth^Mb‘'‘‘'T>^^ permanent sub-cun ent^ The 

fetarSim Portion of the current is liable to occasional 

Equator T A li CintEENT (South) 


Year 


1887 

1888 

1897 

1898 
1898 

1898 

1899 
1899 

1899 

1900 
1900 

1900 
190 L 

1901 
1901 
1902-3 

1902- 3 

1903- 4 

1903- 4 

1904- 5 
1906-7 


Hot -Per 


h m 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 
9 50 


22 4 
27 85 
34 6 

23 6 

24 0 
24 2 
2306 
241 
24 6 
2236 
22 45 

24 1 

25 89 
29 1 
316 

25 90 

26 7 
22 72 

27 9 
29 4 
271 


No of 
Spots 


21 

21 

8 

23 
38 
19 
42 

9 

27 
46 
22 
18 
56 

28 

17 

18 

24 
42 
28 
48 
3b 


Authority 


Wilhams, 2.E vol i 111 . 

Williams, 2 E. vol ii 73 ' 

Williams, M W vol Ivin 13 
Denning, M IV vol Ivui 481 
Williams, Ilf N vol. lx 468 
Phillips, Mem B A A vol 'vu 89. 
Molesworth, M N vol Ixv 700 
Comas Sola, A JV 3596 
Denning, M N vol hx 572 
Molesworth, M M vol Ixv 700 
Comas Sola', A JV 3671 
Denning, M N vol hm 333. 
Molesworth, M JST vol Ixv 701 
Denning, Jlf M vol kni 333 
Comas SoU, A iV 3772 
Molesworth, M B vol Ixv 701 
Denning, M. N vol Ixm 333 

I Molesworth, M W. vol liv 701 

I ^ XIV 83 

Bolton, B A A \o\ xiv 82 
Phillips, AT iV Vo* Ixvii 524 



The simple mean ot the above 21 determinations, based upon the obser- 
vations of no less than 691 spots *, is 9*^ 50“ 25**89. There seems to have 
been little change in the rate of motion of .-the Equatorial Current in the 
twenty years from 1887 to 1906-7. Temporary fluctuations, resulting in a 
change of a- few seconds in the period of rotation, occurred from time to 
time, but nothing that can be described as of a permanent or periodical 
nature. Generally the determinations of two or more observers in the 
same year are in satisfactory agreement. But there is one rather 
remarkable instance of a systematic difference between the results of two 
different observers, as will be seen from the following figures : — 


Year. 

Denning. 

Hi. 

No. of 
fcSpots. 

Molesworth. 

R. 

No. of 
Sputa. 

D.-M. 

1899 

h in B 

9 50 24-6 

27 

li m 8 

9 60 23-06 

42 

+ 1-64 

1900 

9 50 24*1 

18 

9 50 22-36 

46 

+1-74 

1901 

9 60 29-1 

28 

9 50 26-89 

56 

+3-21 

1902-3 

9 50 26*7 

24 

9 50 25-90 

18 

+0-80 

1903-4 

9 60 27-9 

28 

9 60 22-72 

42 

+5-18 


It will be seen that the difference D.— M. is always in the same sense. 
A possible explanation of this difference is that, in cases of doubtful or 
uncertain identification, one observer may have had a leaning or bias, more 
or less unconscious no doubt, towards a long period, or the other perhaps 
a leaning towards a short period. If this explanation is correct, we should 
be well advised in reducing our observations to reject all results that 
appear to be in the least bit uncertain with regard to the all-important 
question of correct identification. There will usually be plenty of spots 
remaining to give a good determination, even if half the number should 
have to be rejected for uncertainty. 

The South Tbmpheate Cuerbht. 


Tear. 

Hot.-Per. 

No. of 
Spots. 

Authority. 

1887 

h m B 

9 56 17-1 

3 

Williams, Z. F. vol. i. 111. 

1888 

[9 66 08-2] 

1 

Williams, Z. F. vol. iL 77- 

1898 

9 65 14-90 

6 

Molesworth, Jf. JY. vol. Ixv. 700. 

1898 

9 55 19-4 

6 

Phillips, Af. N, vol. lix. 88. 

1893 

9 55 20-5 

4 

Denning, M, Ff. voL Iviii. 481. 

1899 

9 55 15-94 

20 

Molesworth, M. Ff. vol. Ixv, 700. 

1899 

9 65 18-6 

3 

Denning, M. N. vol. lix. 572. > 

1899 

9 55 19-7 

19 

Phillips, M, N. voL lx. 222. 

1900 

9 55 16-88 

46 

Molesworth, M. AT. vol. Ixv. 700- 

1901 

9 55 18-01 

47 

Moleswortb, Af, AT. vol. Ixv. 701. 

1902-3 

9 55 18-36 

9 

Molesworth, AT. i7. vol. Ixv. 701. 

19U2-3 

9 55 18-7 

7 

Denning, Af. N, vol. Ixiii. 333. 

1903-4 

9 55 18-7t 

10 

Denning, Mem. B. A. A. vol. liv. 83. , 

1903-4 

9 66 18-74 

29 

Molesworth, AT. A?, vol. Ixv. 701. 

1904r-5 

9 55 20-61t 

22 

Molesworth, Af. AT. vol, Ixvi. 103. 

1904-5 

9 55 21-4 . 

102 

Bolton, Mem. B. Au, A. vol. xiv. 82, 

1906-7 

9 55 21-95 

26 

Phillips, Af. iY. vol. livH. 524. 


* Oountine eacn senes ™ 

two or more results in the same yrer, the same spots, more or less, way hare been included 

^ ^ ^ 2 - 0 . 

J Two other ^pote<*T» ao *' rfmonnal ’’ Tolue of B, noBwiy 8* 55" 27*'78. 
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The single spot observed in 1888 had an abnormallv short period The 
remaining 16 determinations gne S'* So” 18* 72 as the average rotation- 
peiiod oi the South Temperate Current 

The SouTnEBN Curbent 


Year 

Hot -Per 

No of 
Spots 

Authority 

1888 

h m s 

9 55 00 2 

2 

Willums, Z F vol 11 80 

1898 

9 55 05 91 

4 

Moles worth, M N vol Ivv 700. 

1898 

9 55 06 3 

2 

Phillips, M JSr vol lix 88 

1899 

9 55 05 60 

3 

Moles worth, M N vol Ixv 700 

1899 

9 55 07 0 

7 

Phillips, M F vol lx 222 

1899 

9 55 09 2 

2 

Denning, M N vol lix 572 

1900 

9 65 06 60 

21 

Molesworth, M N vol kv 701. 

1901 

9 55 0614 

21 

Moles worth, M N vol kv 701 

1902-3 

9 55 04 01 

3 1 

Moleavorth, M N vol Ixv 701 

1903-4 

9 55 06 35* 

9 

Molesworth, M N vol kv 701 


The mean value of E from the above ten determinations is 9’* 55“ 05* 71 
ine existence of these great permanent surface currents on Jupiter 
enables us to explain several thmgs that otherwise are almost inexplicable 
1 he probable origin and explanation of the numerous narrow bright rifts 
or channels penetrating into the dark belts have already been referred to 

We have further a simple and rational explanation of the presence of the 

C South Equatorial belt opposite the Bed 

"We have, m the 
Spot, and secondly, surrounding it on all sides 
material ot which flows steadily past the 

aTr^m “anner as would an island emerging above the waters of 

the wXr of Templiate Current, just as 

SatJSof 1. The white 

matenal of the South Tropica! zone, or the greater proportion of it nasses 

round the north side of the Bed Spot, and forces nSard" or removes 

^Hdlow““Si ik® South Equatorial belt, thus forming the well known 
Hollow in the belt. In bke manner the water of our imaginary stream 
would wear away or remove the land opposite the island, and S a bar 
or hollow in the boundary banks of the stream ^ 

It should be remark^ ^t the South Temperate Current usually extends 
for some ^stance ^uth of the dark South Temperate belt, which ^is there 
fore mclnded in that current. Hence we do not £ro,„.«.ii c j “t. 
or hollow in this belt o^ite the Bed Spot. But we do see v^ry^evit 
si^s of compre^zm in toth the white and dark markings as they dntt na^t 
above the Bed Spot The matenal of the South Tromoal P,rZJr,f ^ ^ i j 
naturally seek the bne of least resistance, and this wauM 
b. .n il,u.W=U „d. .( IM Spot' 

• AUo 5 additiona] spots gave an “ abnormal ” rotafaon-penod of e"* 56 m i;. 25 
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that the eqnatoiial regions of the planet geneially are in a more disturbed 
state than the extra-equatorial regions, and hence that the mateiial 
must be in a more mobile or piastre condition there than it is nearer the 
poles The white material ofc this zone therefore passes or forces a passage 
round the north side of the Eed Spot in preference to the south side 

The Eed Spot is not stationary, but moves about, not only in latitude, 
as Hough’s measuies have shown, but also in an east and west direction 
It can only be likened therefore to an enormous floating island, the base ot 
which must pretty obviously extend down into the denser or more solid 
regions of Jupiter Notwithstanding these movements the Hollow always 
maintains very nearly exactly the same position opposite the Eed Spot, 
which it accompanies in it s movements or changes in position The above 
suggested explanation of the origin of the Hollow likewise explains why 
this should be the case 

There is one circumstance that at first sight appears unfavourable to the 
foregoing explanation The dark material sometimes visible in the South 
Tropical zone, such as that constituting the present well-known South 
Temperate (or Tropical) Distuibance, does not apparently pass northw^arda 
lound the Eed Spot, like the white material of the same zone It appears, 
in part at any late, to flow southwards by way of the South Temperate 
belt, though some of it may perhaps pass northward hy way of the South 
Equatorial belt But this cannot be held to be a real objection, since there 
are reasons for believing that this dark material is at a different, and 
probably slightly higher, altitude in the atmosphere of the planet than the 
white material of the same zone, though there is evidently likewise connection 
of a physical character between the two forms of matenal And a simple 
explanation would be that the white material in the South Tropical zone 
on encountering the obstructing Eed Spot is heaped up to a certain extent, 
and the dark and higher matenal m question is obliged to flow round the 
heaped up white material 

I should like to be able to say that I had actually seen the white 
material of the South Tropical zone pass along the channel between the 
Bed Spot and the South Equatorial belt But although I have sometimes 
seen blighter spots m this channel, yet I have never hitherto been able to 
follow one long enough to 'piove this, though such spots have certamly 
(sometimes changed their position Intervals of bad w eather or poor seeing 
have always rendered it impossible to be sure whether a spot seen on one 
night was really identical with one visible a short time previonsly But 
although motion of such brighter spots along the channel between the Eed 
Spot and the belt would conclusively prove that the white material passes 
along this channel, yet the converse of this does not necessarily prove the 
contrary, and the presence of an apparently stationary white spot m the 
channel would not prove that the white material does not pass along it. 
Eor the presence of such an apparently stationary spot might merely be an 
indication of the existence of a constriction or obstruction m the channel, 
whereby the white material is more densely compacted at this part of the 
channel , or such an apparently stationary spot might be merely due to 
contrast 
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SECTION XIV 

BIBI/IOGEAPHr OF 1888 

The following are references to the brief bibliography of 1888, so far as 
known to me, but this Section does not profess to be complete, owing to 
my not having ready access to a good Astronomical Library It is to be 
hoped that this is the case, and that there is in reality much additional 
literature relating to the year 1888 in existence In the following refer- 
ences a * prefixed signifies that the work mentioned has nob been person- 
ally inspected by me At indicates that the drawing or record is in my 
possession, but has not been published hitherto to my knowledge 
Ajjtojtiadi, E, M Drawing dated 1888, July 5, made with a 7o-imn 
refractor and a note on the aspect of the planet. Jj’ AstronoTiii^, 
1889, p. 75 

Bamaed, E E.— Transit of the Eed Spot on 1 888, July 24 Puhhcatvms 

A s p.\oi 1. p no 

tDATis, G T — Dramng daled 1888, June 25, made with a 31-m, refractor. 
See also under Deristing 

Eemjing, W F— “ Motion of the Eed Spot on Jupiter ” The Obseiva- 
tory, 1888, p. 406 —Gives particulars of four transits Fiom 
two of these a period of 9“ 55“ 40* 24 was derived 
Dksnii.q. 'W F — -“^port on Observations of Jupiter during the Opposi- 
tion of 1887-8 ’ Journal of the Liverpool Astronomical Sootety, 
TOl vii. p. 55— Contains account of observations by G T Davis, 
W F Dennings and A S 'Widiams 

Dehtosg, W. F --Drawing dated 1888, February 12 Journal of the 
ifiverpool Astronomical Society, vol vi p 141 

tHoLDjsN.ES -Drawing dated 1888, August 10, made with a 36-in 

^ ^ mid-transit, is surrounded 

by a uniform bright annulus or halo 

Houdbk, E S , J. M ^^TOEHLE, and J E Keeler — « Observations of 
oj bis Satellites with the 36-in Equatorial of the Lick 
Oteiratory Pubbcations ASP. vol m p 263 —Contains 
^^.ons of three transits of the Eed Spot and of several 
satellite phenomena On two occasions the shadow spots of 

SS'fonSsXiA" »7 Ob*- 

j. E. — See Holbii?, 

•Koskoly N. TOE.- “Beobachtungen angestellt am astrophysikahschen 
Observatonum in O’Gvalla fDnffarn'i ” ,““"F“ysiEaiisctien 

^ ^>ove ” A N 29^6 —Gives 

■ ScHA*BiaLB,J M— SeeHoLDKt 

p 152— A ChartC^lft^ d-UT Notices, vol Ivii 

Lmtral ** of the Eoyal Astro- 

'WiLLiAMS, A S — See Dberieg 
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